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CHAPTER – I 
INTRODUCTION 
1.1 Introduction 
Agriculture is one of the important economic sectors. After 
independence of our country, agricultural production has been brought about 
by bringing additional area under cultivation, extension of irrigation facilities, 
use of better seeds and modern techniques, water management and plant 
protection. The agriculture sector contributes only about 18 per cent of the 
total GDP, with more than 58 per cent population dependence, resulting in low 
per capita income in the farm sector (Anonymous, 2007). Consequently, there 
is a large disparity between the per capita income in the farm sector and the 
non-farm sector. Therefore, it is essential to deal with those issues which 
impact the income levels of farmers. Today India has attained self sufficiency 
in food grains sector. The per capita availability of a number of food items in 
India has increased significantly in the post-independence period despite of 
increase in agriculture.  
The topography of India, soil types, rainfall availability of water for 
irrigation are the factors that determine the crops and livestock pattern. 
Agriculture in India can be divided into three major regions the Himalayas, the 
Indo-Gangetic Plain and the Peninsula--and their agro-ecological sub regions. 
The monsoons play a critical role in determining whether the harvest will be 
bountiful, average or poor in any given year. The dependence of Indian 
Agriculture to the vagaries of the south – west monsoon and hence the value 
of irrigation were well recognized since time immemorial. After independence, 
India made great strides in irrigation development. As such India has now one 
of the largest irrigation networks. However, in spite of the phenomenal growth 
of irrigation potential, the agriculture production from irrigated area is not 
commensurate with the associate large investment in the irrigation sector. 
Efficiency in the use of irrigation water leaves much to be desired. Lack of 
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scientific approach to water management has lead to undesirable effects on 
irrigated areas, such as water logging, build up of soil salinity and ground 
water management. There is an immense need and scope for improving the 
efficiency of irrigation water management through judicious use of surface and 
ground water. 
India today is facing a critical situation in relation to land - use planning. 
Even though the food grain production recorded almost a fourfold increase in 
the post-independence decades, shortage of rice, pulses and oilseeds is 
growing. Shortages of pasturelands, firewood and fast depletion of the forest 
wealth are assuming serious proportions. As a consequence of various 
development endeavors ecological imbalances e.g. soil erosion, rapid 
situation of dams, shortage of ground water, land and water pollution, water 
logging etc. are growing adversely affecting the agricultural productivity. 
Unless special efforts are made towards preservation of the land, water and 
vegetative resources of the country and its long term sustainable use is 
planned, the food grains and other basic needs of the country's population 
cannot be met, food security and self-reliance cannot be assured and 
enhanced livelihood security to the oiling millions in India cannot be ensured. 
Agricultural development is a complex process of interaction between 
the physical input - output relations of the agricultural system and the social 
and economic milieu of the national economy in a dynamic equilibrium. Land 
use planning and irrigation are strategic planning exercise to assess the future 
potential of the agricultural sector and achieve accelerated growth through 
judicious management of land and water resources. 
1.2 Present Scenario 
The food, nutritional, livelihood and economic security of our country 
continues to be predicated upon the agriculture sector and the situation is not 
likely to change in the near future. Even now, nearly 72 per cent of our 
population lives in rural areas and about 58per cent are engaged in 
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agriculture (Rai, 2006). But there is evidence to indicate that the land sector 
cannot bear the burden of growing population, not withstanding the untapped 
potentials for agricultural productivity growth in many regions. Therefore, there 
is a felt need for both horizontal and vertical diversification of the agricultural 
economy. This is particularly so because all lands and locations are not 
equally suitable for profitable, alternative farming and hence, there is need for 
cluster approach to development.   
As of today, India supports 16.8 per cent of the world‟s human and 11 
per cent of the livestock population on 4.2 per cent of the world‟s water 
resources and 2.3 per cent of the global land. The contribution of agriculture 
and allied sector to the GDP has fallen from 61 to 18 per cent in the last 50 
years. Per capita availability of resources is about 4 to 6 times less as 
compared to the world average (Rai, 2006). Foreseeably, this will further 
decrease due to increasing demographic pressure and consequent land 
diversion for non-agricultural use if by matching improvement, eroded and 
degraded land are not additionally brought to cultivation. 
The area under food grain cultivation was 97.32 mha (year 1950-51) of 
which only 18 per cent was irrigated, and the productivity stood at 522 kg/ha 
and production around 51 mt. Population at that point of time was 361.1 
million and growing at a modest rate of 1.25 per cent the population by 1961 
touched 439.2 million at a growth rate of 1.96 per cent, whereas to food grain 
production increased to about 82 mt and the gap in the requirements had to 
be bridged through food grain imports (Rai, 2006). Simultaneously, intensive 
efforts were made to strengthen agricultural research and education in the 
country and positive results ushered in Green Revolution. Thus, ended an era 
of food grain imports and the stigma of „begging bowl‟ and „ship to mouth‟ 
status was permanently shed off. 
As per the projections, our population will be 1.5 billion (of the world 
population of 11 billion) by 2050. Rising population and per capita income are 
pushing up the demand, which needs to be met through enhanced 
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productivity per unit area, input and time, the annual increase in demand in 
India is estimated to be 2.6 mt in rice, 2.2 mt in wheat, 1.6 mt in pulses, 4.2 mt 
in fruits and 2.5 mt in vegetables. Presently, it requires to accelerate the 
growth rate of agricultural production from present level of about 3.70 per cent 
to about 6.80 per cent to fulfill the food demand of fast growing human 
population of the country (Rai, 2006). 
1.3 Major Constraint in Agriculture  
The water is a critical and major constraint on raising agricultural 
productivity and much of the success of the Green Revolution came from 
improved productivity in areas of assured irrigation provided through canals or 
through ground water utilization. The scope for expanding irrigation through 
large and medium scale projects has yet to be fully exploited. Out of the total 
of 59 mha that could be irrigated through such projects only 40 mha have 
been irrigated (Ahluwalia, 2005).  
Due to less charge of irrigation water, effective maintenance of the 
existing system of canal irrigation also suffers covering only 20-25 per cent of 
the operations and maintenance cost of the system in most states. Poor 
maintenance leads to loss of water through seepage, with the result that water 
use efficiency is very low – around 25 to 40 per cent instead of 65 per cent 
that should be attainable (Ahluwalia, 2005). Low water charges also 
encourage highly water intensive crops at the upper end of the canal network, 
leaving tail-end portions starved of water. Ground water utilization played a 
major role in expanding irrigation in the year 1980, but uncontrolled 
exploitation of groundwater has led to serious depletion of the water table in 
many parts of the country. They are also distributionally unfair because the 
benefits of under priced water accrue disproportionately to upper end farmers 
whereas under priced power enables those able to afford larger pumps to 
lower the water table denying water to farmers who can only afford shallow 
wells.  
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Out of India‟s total cultivable area, about 60 per cent of area will remain 
dependent on dry land farming even after all irrigation potential is fully 
exploited. Productivity growth in these areas is obviously critical for rural 
income growth and poverty alleviation, and it depends critically upon better 
moisture conservation and the development of varieties suited to dealing with 
moisture stress. Further, rain fed dry lands constitutes 65 per cent of the total 
net sown area. Also there is an unprecedented degradation of land (107        
m ha) and groundwater resource. Currently only 29 per cent of the total 
precipitation is conserved, that too not optimally utilized. With the existing 
practices, water use efficiency seldom exceeds 40 per cent (Ahluwalia, 2005). 
It is a common experience that in almost all the irrigation command 
areas, the ground water table rises causing the problems of water logging, soil 
salinity, destruction of soil texture, decline in fertility and yield, eventual 
abandoning of the land. The available supply in the most of the canal systems 
for instance is often only one fourth to one third of the amount needed for 
intensive agriculture. The total quantity of irrigation water is neither adequate 
nor is supplied satisfactorily in time. Under such conditions integrated 
planning of surface and ground water has an immense potential for 
augmenting available water supplies. The present research efforts are 
directed towards this end. 
In a developing country like India, land is not only an important factor of 
production, but also the basic means of subsistence for majority of the people. 
As with water, the land resource has also been mismanaged in the current 
era. The country is governing over the total geographical area as 328 mha but 
the net area sown is 142.15 mha with the gross cropped area as 180.00 mha 
while net irrigated area is 43.05 mha with 55.64 mha as gross irrigated area 
(Sahay, 2006). 
Thus, the efficient use of land, water and other natural resources are 
major thrust areas to be established for accelerated as well as sustainable 
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economic development of agriculture. For this, the farm management is the 
important parameter in order to optimize the agricultural activities. 
1.4 Farm Management 
Farm management deals with the organization and operations of a 
farm with the objective of maximizing profits from the farm business on a 
continuing basis. Farm management is the emphasis on the decision-making 
function of evaluating and choosing between alternative strategies. A major 
concern is about adjustments which are more suitable and profitable and 
about exploring new situations and opportunities for maximization of income 
and satisfying other goals of agriculture. It is the approach under which the 
opportunity costs of the various resources are evaluated and adjustments in 
resource-use and enterprise mix are made to secure higher levels of farm 
income. It normally pertains to the existing pattern of the resource-use and 
crops-mix under which only the existing plan is executed. 
Thus farm management is the science which deals with the analysis of 
the farming resources, alternatives, choices and opportunities within the 
framework of resource restrictions and social as well as personal constraints 
of farming business. This complex information is integrated and synthesized 
to increase profitability of the farming business, the ultimate aim being to raise 
the standard of living of the farming people. This does not mean that farm 
management deals exclusively with the maximization of income; in fact, it 
takes into account the goals and objectives of the individual, other than 
income maximization. Thus this discipline deals with people or organizers and 
decision-makers in respect of farms and agricultural production. Here we are 
not just concerned with the distribution of labor and irrigation water for day-to- 
day operations. 
Basically farm management is economics in the context of fundamental 
definition of economics which involves three elements, viz. the scarcity of 
resources, their alternative uses and the objective of profit maximization. It is 
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this science which deals with making rational, profitable and economic 
recommendations to the farmers. It also deals with the growth and stability 
aspects of economics. 
The basic information about the multiple (alternative)uses to which the 
scarce resources can be allocated is supplied by other physical and biological 
sciences. The research in these sciences should continually generate the 
relevant data on alternative technologies and practices whose profitability can 
be tested under actual farm situations and these data are required for the 
farm organization as a whole and not far for a single hectare. 
Agricultural scientists mainly put emphasis on the maximization of yield 
rather than on the use of the optimum level of resources. But the goal in 
farming is not to make a profit on some single enterprise or from a part of the 
farm land, but to use land, labor and capital resources in such a way that they 
make the greatest contribution to the total profits from the entire farm. The 
superiority of this discipline, thus, lies in its treating the farm as an operational 
unit and tailoring the recommendations of all other disciplines to fit into an 
individual area's pattern of resources. 
In the context of the recent technological breakthrough, management 
today should be viewed as a process within a rapidly moving frame of 
reference. "It is now more scientific, less artistic; more dynamic, less static; 
more versatile and less rigid". Farm management is forward-looking in its 
approach. Its task is not so much the improvement of the present farming 
practices but of the establishment of the whole sets of new production 
methods and farming systems which would put our agriculture on a 
continuously rising growth curve. 
Farm management is a decision-making science. It helps to decide 
about the basic course of action of the farming business. The basic decisions 
of the farming business are: 
(a)  What to produce or what combination of different crops to follow? 
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(b)  How much to produce and what is the most profitable level of 
production? 
(c)  What methods of production (production practices or what type of 
quality   of inputs and their combination) should be used? 
(d)  What and where to market? 
The complexity of farming system and the uncertainty associated with 
the decision making process are features which indicate that system 
approach to research could be particularly useful. There seems to be growing 
recognition of the need for approach of Operations research to the farm 
management. 
1.5 Operations Research 
As per the defined by  Churchman, Ackoff and Arnoff,  “ Operations 
Research is the most general sense can be characterized with the application 
of scientific methods, techniques and tools to problems involving operation of 
a system so as to provide those in control of the system with optimum 
solutions to the problem”.  
The subject of O.R. originated during World War II, when the British 
and American military management called upon a group of scientists to study 
and plan the war activities, so that maximum damages could be inflicted on 
the enemy camps at minimum cost and loss. Because of the success in 
military operations, it quickly spread in all phases of industry and government 
organizations. The Russian mathematician L. Kantorovich has, for a number 
of years, been interested in the applications of mathematics to programming 
problems. In 1941, F. L. Hitchcock formulated and solved the transportation 
problem. In 1947, T. C. Koopmans solved the transportation problem. The 
minimum cost diet problem was studied by economist Stigler in 1945. In 1947, 
G. B. Dantzig suggested an efficient method known as the simplex method, 
which is an iterative procedure to solve any linear programming problem in a 
finite number of steps. 
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In India, it came into existence in 1949, with the opening of an 
operations research unit at the Regional Research Laboratory at Hyderabad. 
In June 1951, the first symposium in linear programming was held in 
Washington. Kantorovich and Koopmans were awarded the Nobel Prize in the 
year 1975 in economics for their pioneering work in linear programming 
(Kothari, 1982). A lot of research work is being carried out all over the world. 
The detailed study of the O.R. generally involves three phases viz., 
judgment phase, research phase and action phase. The basic pattern of the 
application of O.R. to a problem generally involves the following steps 
(Kothari, 1982): 
1) Formulating the problem 
2) Constructing the model 
3) Deriving the solution 
4) Testing the validity 
5) Controlling the solution 
6) Implementing the results 
1.5.1 Classification of problems in O.R. 
It can be put into one of the following categories viz.  
1) Allocation 
2) Replacement 
3) Sequencing 
4) Routing 
5) Inventory 
6) Queuing 
7) Competitive 
8) Search 
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1.5.2 Operational Research Techniques 
Mathematical models have been constructed for the above categorized 
O.R. problems and methods for the solving the models are available in many 
cases termed as O.R. techniques. Some of the important O.R. techniques 
often used by decision makers in modern times in business and industry are 
as under (Kothari, 1982).  
i. Linear Programming 
ii. Waiting line or Queuing theory 
iii. Inventory control / Planning 
iv. Game theory 
v. Decision theory 
vi. Network analysis 
vii. Simulation  
viii. Integrated production models 
ix. Some other O.R. techniques 
a. Non linear programming 
b. Dynamic programming 
c. Heuristic programming 
d. Integer programming 
e. Algorithmic programming 
f. Quadratic programming 
g. Parametric programming 
h. Probabilistic programming 
i. Search theory 
j. Theory of replacement 
1.5.3 Linear Programming  
In the competitive world of business and industry, the decision maker 
wants to utilize his limited resources in a best possible manner. The limited 
resources may include material, money, time, manpower, machine capacity 
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etc. Linear programming can be viewed as a scientific approach that has 
evolved as an aid to a decision maker in business, industrial, agricultural, 
hospital, government and military organizations. 
1.5.4  Areas of Applications of LP Problems 
Some important areas of applications of LP Problems are as under 
(Sharma, 2006).  
1) Manufacturing problems 
In these problems, we determine the number of units of different 
products which should be produced and sold by a firm when each product 
requires a fixed manpower, machine hours, labor hour per unit of the product, 
warehouse, space per unit of the output etc. in order to make maximum profit.  
2) Diet problems  
In these problems, we determine the amount of different kinds of 
constituents/nutrients which should be included in a diet so as to minimize the 
cost of desired diet such that it contains a certain minimum amount of each 
constituent / nutrient . 
3) Investment problems 
In these problems, we determine the amount which should be invested 
in a number of fixed income securities to maximize the return on investment. 
4) Transportation problems  
In these problems, we determine a transportation schedule in order to 
find the cheapest way of transporting a product from plants or factories 
situated at different locations to different markets. 
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5)  Blending problems  
In these problems, we have to determine optimum amount of several 
constituents to be used in producing a set of products while determining the 
optimum quantity of each product to be produced. 
6) Advertising media selection problems  
In these problems, we find the optimum allocation of advertisements in 
different media in order to maximize the total effective audience/ customers. 
1.5.5 Concepts of LP Problems 
The term „programming‟ means planning and refers to a process of 
determining a particular program. The term „linear‟ means that all relationships 
involved in a particular program which can be solved by this method are 
linear. To make understandable the terminology of LP, it is necessary to give 
the mathematical model of a general LPP (Sharma, 2006). 
Mathematically, the general LPP may be stated as, 
Maximize or Minimize Z=c1x1+ c2x2 + ……..+ cnxn                      ….(1.1) 
 
Subject to 
a11x1+ a12x2 + ……..+ a1nxn (<, = ,>)b1 
a21x1+ a22x2 + ……..+ a2nxn (<, = ,>)b2 
………………………………………. 
am1x1+ a1mx2 + ……..+ amnxn (<, = ,>)bm                    .…(1.2) 
x1, x2, ………, xn > 0                    .…(1.3) 
 
Where 
(i)  the linear function Z which is to be maximized or minimized is 
the objective function of the LPP 
(ii)  x1, x2, ………, xn  are the decision variables 
(iii)  the equations/ inequations (1.2) are the constraints of LPP 
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(iv)  in the set of constraints the expression (≤,=,≥) means that each 
constraint may take any one of the three signs 
(v)  the set of equations (1.3) is the set of non-negative restrictions 
of the general linear programming problem 
(vi)  cj (  j = 1,2, . . . , n ) represents per unit profit or cost to the j
th 
variable 
(vii)  bi ( i = 1, 2, . . . , m) is the requirement or availability of the i
th 
constraint 
(viii)  aij (i = 1, 2, . . . , m; j = 1, 2, . . . , n) is referred to as the 
technological coefficient. 
1.5.6 Some definitions and concepts related to LP  
1)  Solution  
A set of values of decision variables satisfying all the constraints of a 
linear programming problem is called a solution to that problem. 
2)  Feasible solution  
Any solution which also satisfies the non-negativity restrictions of the 
problem is called a feasible solution. 
3)  Optimal feasible solution  
Any feasible solution which maximizes or minimizes the objective 
function is called an optimal feasible solution. 
4) Optimization techniques  
The processes of obtaining the optimal values are called optimization 
techniques. 
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5) Feasible region  
The common region determined by all the constraints and non-
negativity restriction of an LPP is called a feasible region. 
6)  Convex region  
A region is said to be convex, if the line segment joining any two 
arbitrary points of the region lies entirely within the region. Feasible region of 
an LPP is always a convex region. 
1.5.7 Mathematical Formulation of a LP Problem 
There are mainly four steps in the mathematical formulation of linear 
programming problem as a mathematical model. We will discuss formulation 
of those problems which involve only two variables. 
1.  Identify the decision variables and assign symbols x and y to them. 
These decision variables are those quantities whose values we wish 
to determine. 
2.  Identify the set of constraints and express them as linear equations/ 
inequations in terms of the decision variables. These constraints are 
the given conditions. 
3. Identify the objective function and express it as a linear function of 
decision variables. It might take the form of maximizing profit or 
production or minimizing cost. 
4.  Add the non-negativity restrictions on the decision variables, as in the 
physical problems, negative values of decision variables have no valid 
interpretation. 
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1.5.8 Advantages of LP Problems 
We have seen that linear programming is extensively used in almost all 
areas of human life. It is used to minimize the cost of production for maximum 
output. In marketing, it involves selection of product, selection of advertising 
media. In finance department, it tries to optimize the return on the investment 
of capital and personnel department can appoint people of optimum skill at 
minimum cost in a very systematic manner. In transportation problems, linear 
programming techniques help in making transportation policy to reduce the 
cost and time of transshipment. In short, with the help of linear programming 
models, a decision maker can most efficiently and effectively employ his 
production factor and limited resources to get maximum profit at minimum 
cost. He can also take quick decisions which are important in modern times 
because any delay or postponement in it may give advantage to other 
organizations. 
1.5.9 Limitations of LP 
1.  The linear programming can be applied only when the objective 
function and all the constraints can be expressed in terms of linear 
equations/inequations. In the real world situations, the objective 
function and all the constraints cannot always be expressed in linear 
form. 
2.  Linear programming techniques provide solutions only when all the 
elements related to a problem can be quantified. These models don‟t 
take into account the qualitative factors like human relations, behavior 
etc. which are equally important. 
3.  The coefficients in the objective function and in the constraints must be 
known with certainty and should remain unchanged during the period 
of study. But in day to day life, the price of a product varies according 
to the demand and supply of the product. 
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4.  Linear programming techniques may give fractional valued answer 
which is not desirable in some problems. For example, a model for a 
production problem may advise to produce 1/2 car or 3/4 chair. 
1.6 Objectives  
Looking to the present scenario of Indian agriculture, Farm 
management involves large number of parameters viz. water resources, cost 
of cultivation, climatic conditions, suitability of soil for different crops, food 
requirement and food habits, marketing facilities and fluctuation of market 
price. It is difficult to arrive at a decision without the help of any programming 
approach. Therefore, it is of prime need to conduct the present research work 
on “Some Contribution of Operations Research in Profitable Farm 
Management”. The specific objectives of the present effort are; 
1. To develop a mathematical model for cropping pattern for 
achieving maximum benefit 
2. To evaluate a suitable cropping pattern for optimum utilization of 
available resources 
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CHAPTER – II 
REVIEW OF LITERATURE 
2.1 Introduction 
In order to take into accounts the contribution of operations research in 
profitable farm management, the past work done at national and international 
level in this regard was reviewed.  Many scientists/ programmer have made 
their scientific efforts and operation research methodology to develop the LP 
model by mathematical programming approach to determine capital 
dependent steady state cultivation policies. 
2.2 Literature Reviewed 
Laxminarayan and Rajagopalan (1977) applied LP to get the optimal 
cropping pattern for Punjab. They determined the area under different crops 
and amount of water releases from canal and tube well waters to get 
maximum benefit. 
Khan (1982) presented a management model which consider all the 
important components of an irrigated system and may help to maintain a 
permanent irrigated agriculture. The model optimize net farm return, maintain 
favourable hydrologic and salt balance in the irrigated system meets the 
concentration requirement of the  drainage water for individual crops and 
simulated the impact of the irrigation on the unsaturated and saturated  zone.  
Khepar and Chaturvedi (1982) used LP to optimize cropping pattern 
using two resources of water, i.e., canal and ground water for a canal 
command area in Punjab. The objective was to maximize the net returns of 
the command area through crop production imposing constraints on land, 
water availability and water allocation. 
Mai et al. (1984) developed a suitable cropping schedule for rabi 
season in Debra block in Midnapore district using LP. They suggested paddy, 
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gram, mustard and potato to be grown under lift irrigation without canal supply 
for achieving maximum benefit. 
Butterworth (1985) indicated that in the current economic climate, 
linear programming could well be worth reconsidering as a maximizing 
techniques in farm planning. This particularly applied when it was used in 
conjunction with integer programming which allows many of LP’s problems to 
be overcome. ADAS (Agricultural Development and Advisory Service) 
procedures for LP / Integer programming were described. Reference was 
made to a range of models and more detail given on the new Bedfordshire 
mixed cropping method. An explanation was given as to how ADAS models 
are used in advisory and promotional work.  
Panda et al. (1985) applied system approach to irrigation planning of a 
canal command area in Punjab. The objective was to indicate optimal 
cropping pattern and seasonal water release from canals and tube wells 
under conjunctive use of surface and ground water to maximize the net 
annual return using LP and change constrained LP at 5 per cent risk level.  
Richard  et al. (1990) suggested a methodology for allocating variable 
input which has been used among crops and improvement of regional crop 
budget information. Two approaches for estimation of variable input 
allocations among production activities were examined. One relies on 
behavioral rules whereby input allocations follow accepted rules of thumb. 
The alternative approach was derived from profit maximization where input 
use responds instantaneously to changes in input and output prices. The 
behavioral rules dominate instantaneous responded to prices in explaining the 
data analyzed and suggested the validity of a simple behavioral approach for 
developing enterprise budgets and cost of production estimates. 
Glen and Tipper (2001) developed a mathematical programming 
approach for planning the introduction of improved cultivation systems in a 
semi-subsistence farm in northern Chiapas, Mexico. This new approach first 
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used a linear programming model to determine capital dependent steady state 
cultivation policies. Results from this steady model were then incorporated 
into a multi period mixed integer programming model for determining steady 
state policy and the associated improvement plan. 
Sethi et al. (2002) developed a groundwater balance model 
considering mass balance approach. The components of the groundwater 
balance considered were recharge from rainfall, irrigated rice and non-rice 
fields, base flow from rivers and seepage flow from surface drains. In the 
second phase, a linear programming optimization model was developed for 
optimal cropping and groundwater management for maximizing the economic 
returns. The models developed were applied to a portion of coastal river basin 
in Orissa State, India and optimal cropping pattern for various scenarios of 
river flow and groundwater availability was obtained. 
Benli and Kodal (2003) developed a non-linear optimization model for 
the determination of optimum cropping pattern, water amount and farm 
income under adequate and limited water supply conditions. The objective 
function of the model was based on crop water-benefit functions. The model 
was solved using MS Excel Solver package for conditions existing in South-
east Anatolian Region of Turkey. The model gave the optimal distribution of 
crop areas, irrigation water needs of crops and total profit for the farm under 
adequate and limited water supplies. The problem was also solved by a LP 
model, in order to indicate the difference between NLP and LP models. After 
the examination of NLP and LP model solutions, it could be seen that, the 
NLP model could give higher farm income values than the LP model under 
deficit irrigation conditions.  
Hassan et al. (2005) mentioned that for the study, irrigated areas of 
Punjab province was selected for determining optimum cropping pattern 
under various price options. LP model was applied to calculate the optimal 
crop acreage, production and income of the irrigated Punjab. Crops included 
in the models were wheat, basmati rice, IRRI rice, cotton, sugarcane, maize, 
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potato, gram and moong. The results showed that the irrigated agriculture in 
the Punjab was more or less operating at the optimal level. 
Kerselaers et al. (2007) developed a LP simulations at individual farm-
level of potential income changes that may result from conversion to organic 
farming. The model was based on both conventional farm accountancy data 
and additional conventional and organic farm data from sector expertise and 
literature. The model was applied for Belgian agriculture. Simulations showed 
that economic potential for conversion was higher than generally perceived, 
provided that farmers were willing to change farm management practices. 
However, the economic conversion potential (ECP) was not positive for all 
farms, not even when an optimal conversion process was assumed and it 
depended on farm type and farm characteristics. Additionally, due to higher 
risk and liquidity problems during the transition period, the positive results 
were needed to be put into perspective. Nevertheless, the differentiated ECP 
calculations could give new insights supporting farm-level policy choices with 
respect to conversion to organic farming. 
Borges et al. (2008) reported that LP models are effective tools to 
support initial or periodic planning of agricultural enterprises, requiring, 
however, technical coefficients that can be determined using computer 
simulation models. Constraints on monthly water availability, labor, land and 
production were critical in the optimal solution. In relation to the water use 
optimization, it was verified that an expressive reductions on the irrigation 
requirements may be achieved by small reductions on the maximum total net 
present value. 
Georgiou and Papamichail (2008) developed a NLP optimization model 
with an integrated soil water balance to determine the optimal reservoir 
release policies, the irrigation allocation to multiple crops and the optimal 
cropping pattern in irrigated agriculture on data from a planned reservoir on 
the Havrias River in Northern Greece. Decision variables are the cultivated 
area and the water allocated to each crop. The objective function of the model 
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maximizes the total farm income, which was based on crop-water production 
functions, production cost and crop prices. The model was solved using the 
Simulated Annealing (SA) Global Optimization Stochastic Search Algorithm in 
Combination with the Stochastic Gradient Descent Algorithm. The rainfall, 
evapotranspiration and inflow were considered to be stochastic and the model 
was run for expected values of the above parameters corresponding to 
different probability of exceedence. By combining various probability levels of 
rainfall, evapotranspiration and inflow, four weather conditions were 
distinguished. The outputs of this model were compared with the results 
obtained from the model in which the only decision variable is Cultivated 
Areas. The model had great potential to be applicable as a decision support 
tool for cropping patterns of an irrigated area and irrigation scheduling. 
Massey et al. (2008) stated that the objective of case-study analysis 
was to investigate how site-specific decisions could be improved by 
transforming a long-term multiple-crop yield-map dataset into profit maps that 
contain economic thresholds representing profitability zones. Ten years 
(1993–2002) of cleaned yield map data (4, 5 and 1 yr) for corn, soybean and 
grain sorghum respectively were collected for a 35.6 ha clay pan soil field in 
Missouri. Actual input costs and crop prices, published custom rates for field 
operations, and region-specific land rental prices were used to transform yield 
maps into profitability maps by year, by crop, and overall for 10 yr. Profit maps 
revealed that large field areas where net profit was negative, largely due to 
negative profit from corn production on areas where topsoil was eroded. This 
analysis demonstrated how changing yield into profitability metrics could help 
a producer consider and then decide on different management options. The 
decision process discussed supports a producer's need to manage fields with 
incomplete information and where satisfying rather than optimizing behavior 
often occurs. This analysis demonstrated how profit mapping can be of value 
for a producer and provides impetus for the precision agriculture community to 
consider profit mapping protocols and standards. 
Review of Literature 
 
Some Contribution of Operations Research in Profitable Farm Management 22 
 
Ndamani (2008) stated agricultural production was largely undertaken 
by smallholder subsistence farmers who rely solely on highly unpredictable 
and sporadic seasonal rainfall in Ghana. Maize, sorghum, and groundnut 
were the main crops cultivated by most farmers, particularly in northern 
Ghana. The variability in prices of the crops at different markets tends to 
adversely affect the incomes and food security of poor rural farmers. Avoiding 
such adverse effects, he applied a spatial equilibrium model to identify market 
strategies that influence the marketing and production decisions of farmers 
and the technology dissemination decisions of agricultural staff. The data 
used in the study included wholesale and retail crop prices (2002-2007), 
production/yield figures, and commodity transport costs. Data on the 
Consumer Price Index was obtained from the Govt. of Ghana. In general, the 
annual average price of maize and sorghum were higher in Wa market than in 
Tumu or Lawra markets. Comparison of linear and quadratic programming 
results showed that farmers attain different produce prices (incomes) 
depending on whether they were price makers or price takers. Farmers in this 
region were generally risk averse, so they like to ship their produce to different 
markets. Considering these findings, it was advisable for farmers to form 
organizations or groups to market their products collectively.  
Sudha et al. (2008) discussed about the methods for increasing 
productivity of water consumed in agriculture is improved by water supply 
management. They presented that the results from an optimization study of 
the Malampuzha irrigation project of the Bharathapuzha river basin of Kerala 
in India. The objective of this study was to determine whether significant 
improvements might be realized from optimization of operation of the reservoir 
system. To do this a MILP model was developed and five different 
management strategies were tested. The result indicated that a management 
strategy with deficit irrigation by supplying less water in non-critical growth 
period and maximum water during stress sensitive periods was a best viable 
solution for better performance. A MILP Model, rather than a LP model, was 
used to ensure that the reservoir did not spill before reaching its capacity. 
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Salami et al. (2009) developed a LP model to estimate the direct costs 
on agriculture, and a macro econometric model to trace the indirect impacts 
on the rest of the economy in Iran. The results indicated that a severe drought 
such as the one that occurred in the crop year 1999–2000 imposes a direct 
cost of 1605 million US$, equivalent to 30.3 per cent of the total value added 
of the cropping sector in Iran. This, in turn, lead to a 12.7 per cent reduction in 
the value added of other agricultural sub-sectors (livestock, fisheries and 
forestry). Thus, such a drought reduces overall GDP by about 4.4 per cent 
and it would also resulted  in decreased non-oil exports, increased food 
imports, and a rise in inflation. The results of some drought mitigation 
simulations were reported in brief. Such estimates strengthen the case for 
increased attention to drought strategies and management in agriculture in 
Iran and elsewhere. 
Panigrahi et al. (2010) suggested a mathematical model for optimal 
allocation of area to different crop sequences with different objectives viz. 
minimization of soil loss, minimization of investment and maximization of net 
return from agriculture and was solved using LGP technique. The model 
suggested to take up food crops in area of 1,30,777 ha and perennial grass 
cover in 3223 ha with a cropping intensity of 1.61 resulting in a net return of 
Rs. 1064.775 millions sustaining soil loss to a tune of 9489.67 thousand tons 
per year. The model was found to be favorable in respect of higher net return 
of Rs. 8862.34 and lesser soil loss of 23.41 tons/ha than the corresponding 
present values. But more investment of Rs. 4489.01 per ha was required to 
fulfill the objectives. 
It reveals that a management model which consider all the important 
components of an irrigated system and may help to maintain a permanent 
irrigated agriculture. It was found that the NLP model can give higher farm 
income values than the LP model under deficit irrigation conditions. It is also 
found that the LP models are effective tools to support initial or periodic 
planning of agricultural enterprises. It is lighted that the LP model had great 
potential to be applicable as a decision support tool for cropping patterns of 
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an irrigated area and irrigation scheduling. It also shows that the results from 
the steady model can be incorporate into a multi period MILP model for 
determining steady state policy and the associated improvement plan. The 
comparison of linear and quadratic programming results showed that farmers 
attain different produce prices (income) depending on whether they were price 
makers or price takers.  
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CHAPTER – III 
MATERIALS AND METHODS 
3.1 Introduction 
The Gujarat state was select as the project area for the present 
research. The state has three distinct geographical regions; a corridor which 
is the industrial mainland, a peninsula known as the Saurashtra and Kutch, 
which is partly desert and partly marshland. The state has an international 
border with Pakistan at the north western fringe. It is located on the west 
coast of India surrounded by the Arabian sea in the West, Rajasthan in the 
North and North-East, Madhya Pradesh in the East and Maharashtra state in 
the South and South East. It is situated between 20o 6' N and 24o 42' North   
Latitude and 68o 10' E to 74o 28' East Longitude. The state has the longest 
coastline of about 1600 km. The state is constituted by 1,96,024 sq. km. area 
which has population density as 258 persons per sq. km., a lower density 
compared to other states of the country. It is one of the most prosperous 
states of India owing to its development in agricultural productivity and 
industrialization. Agriculture forms a major part of the state’s economy. It not 
only provides food grains to the people but also provides raw materials for 
agro- based industries. 
3.2 Land and Crops 
Land  
The state occupies total geographical area of 188.00 lakh ha out of 
which approximately 99.00 lakh ha. area is under cultivation. The cultivated 
land is categorized as marginal (less than 1 ha), small (1 to 2 ha), semi 
medium (2 to 4 ha), medium (4 to 10 ha) and large (more than 10 ha) 
holdings. The number and area of operational land holdings is given in 
Appendix - I.  
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Crops  
The major crops grown under the project area are oilseed crops like 
groundnut, castor, cotton; pulses like green gram, black gram; wheat, 
vegetables and fodder crops like sorghum, maize etc. These crops are grown 
during different seasons viz. Kharif (July - October), Rabi (November - 
February) and Summer (March - June). Major crops grown in the state are 
wheat, bajra, rice, maize, groundnut, mustard, sesame, pigeon pea, green 
gram, cotton, sugarcane etc. It is the largest producer of castor, tobacco and 
isabgul; second largest producer of sesame seeds, cotton and groundnut in 
the country. It has also highest productivity in mustard, castor and cotton crop, 
second highest productivity in groundnut and bajra; while third highest 
productivity in gram and guar in the country. The major horticultural crops 
grown in the state are mango, banana, sapota, lime, guava, tomato, potato, 
onion, cumin, garlic and fennel under the area of about 2.52 lakh ha. It has 
highest productivity in guava, potato, onion, cumin and fennel, while third 
highest productivity in banana and isabgul in the country. The average yield of 
important crops grown in the state and its comparison with other state of 
country is shown in Appendix - II 
3.3 Climate 
Gujarat has varied climatic conditions. The north-western part is mostly 
dry due to the desert areas while the southern region is moist due to heavy 
rainfall during the monsoon season. There are mainly three seasons; the 
winter from November to February, summer from March to June and 
Monsoon season from July to September. The southern districts receive 
maximum rainfall, making it suitable for vegetation. The Arabian sea and the 
Gulf of Cambay make the weather pleasant. Areas like Kutch, Jamnagar, 
Panchmahals and Mehsana fall in the rain shadow region and thus receive 
little rainfall. The overall climate of the state is extreme due to the variation in 
topography 
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In terms of the standard climatic types, tropical climates viz. sub-humid, 
arid and semi-arid are spread over different regions of the state. Out of total 
area of the state 58.60 per cent fall under arid and semi-arid climatic zone. 
The arid zone contributes 24.94 per cent, while the semi-arid zone forms 
33.66 per cent of the total area of the state. The regions in the extreme north 
comprising the district of Kutch and the western parts of Banaskantha and 
Mehsana; the northern fringe of Saurashtra (Jamnagar) and its western part 
have arid climate while the rest of the state has semi- arid climate. The district 
of Valsad, Dangs, Surat, Vadodara and Kheda in the extreme south of the 
state have sub-humid climate. The principal weather parameters that build the 
climate of the state are rainfall and temperature, although others like humidity, 
cloudiness, dew and fog are also important from the agricultural point of view. 
The temperature variation is extremely high in some parts of the state. In 
general, the temperature range existing as 23°C - 43°C  in summer and 15°C-
36°C in winter. The state is divided into  eight Agro-Climatic zone such as 
South Gujarat (Heavy Rain Area), South Gujarat,  Middle Gujarat, North 
Gujarat, Bhal & Coastal Area, South Saurashtra, North Saurashtra and North 
West Zone. The area, rainfall, type of soil and crop grown under each zone is 
shown in Appendix - III. 
3.4 Rainfall and Irrigation 
Rainfall 
Major area of the state i.e. two parts of it receives precipitation through 
the South-west monsoon. The state being located at the peripheral boundary 
of the main current of the South-West monsoon. The distribution of rainfall 
has been extremely uneven and irregular. The low pressure depressions 
developing over the Bay of Bengal during monsoon months and moving north 
to North-West, also give rains to part of the state in the Northern region. The 
average annual rainfall over different parts of the State varies widely from 300 
mm in the Western half of Kutch to 2100 mm in the Southern part of Valsad 
district and the Dangs. The monsoon usually commences by the middle of 
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June and withdraws by the end of September; about 95 per cent of the total 
annual rainfall being received during these months. Generally, the  rainfall is 
received in June nearly 40 per cent; in the July 25 per cent,  in August 15 per 
cent and 25 per cent in September. The maximum number of rainy days is in 
July and August. The no. of rainy days in the season varies from one part of 
the state to another. The range is from a minimum of 16 days in Kutch to a 
maximum of 48 days in Surat and the Dangs. Generally, the number 
increases as one move towards the eastern and the southern parts of the 
state. The number of spells of rainy days is more in the months of July and 
August as compared to those in June and September. The number of spells 
of rainy days of long duration ranges from 2 to 4 for July and August with 
intervening spells of rainless days. The annual average rainfall in the state is 
1685 mm. 
Irrigation 
Most of the rabi crops and all of the summer crops are irrigated. The 
perennials crops like sugarcane and bananas are fully irrigated.  However, 
most of the kharif crops are rain fed. Cropping intensity (ratio of the cropped 
area to the physical area) in the case of double cropping of irrigated annual 
crops is assessed to be in the range of 103 to 120 per cent, with an average 
of about 113 per cent. A salient feature of irrigation regimes in Gujarat is that 
the full irrigation requirement of the crop is generally not met. Thus water is an 
effective limiting factor to achievement of potential yields. It is estimated that, 
not more than 60 to 70 per cent of the on-farm irrigation requirements are 
effectively provided in most cases. The ultimate irrigation potential, from 
groundwater and surface water sources, including the Narmada Project 
(39.40 lakh ha surface water and 29.10 lakh ha groundwater) is 68.50 lakh ha 
of which 43 per cent will be from groundwater, 31 per cent  from Gujarat 
surface water basins and 26 per cent from inter-state allocated surface water.  
The irrigation potential in ha is depends on the rate of water application 
and type of irrigation. Other factors like changing the cropping pattern and 
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adopting improved irrigation methods increases the irrigation potential. Also, 
harnessing more stream flow and improving the performance of the surface 
water schemes to increase the surface water availability (from the same water 
potential) will also increase the irrigation potential.  
3.5 Crops under Study 
 The principal crops cultivated by the farmers of the state in each 
season are considered and selected for the present study as illustrated in 
Table 3.1. The information regarding the principal crops are given in Appendix 
– IV. The summer crops are generally grown where assured irrigation is 
available and the agro-climatic condition is suitable to the crops.  
3.6 Cost of Production and Returns from the Crop 
3.6.1 Data collection 
For the collection of reliable data, the state is divided into four zones 
according to the area of State Agricultural Universities. The number of taluka 
was predetermined keeping in view, the availability of resources and gross 
cropped area in the districts. Three villages were selected at random from 
each of the selected taluka. The selected villages were covered under 
different clusters as shown in Appendix - V. Ten farmers were selected at 
random from the selected villages. The primary data for the year 2007-08 
were collected as a set of structured questionnaire prepared in vernacular 
language (Appendix - VI) filled by the selected farmers of the villages. The 
secondary data were collected from various sources such as Directorate of 
Agriculture, Gujarat State, Gandhinagar, Directorate of Economics and 
Statistics, Gujarat State, Gandhinagar and Department of Agricultural 
Economics, Junagadh Agricultural University, Junagadh.  
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Table 3.1.: Area and production of principal crops in Gujarat (Year: 2008-09) 
Sr. 
No.  
Crops Total 
Area 
(lakh ha) 
Total 
Production  
(lakh tons) 
Average 
Production 
(Kg/ha) 
A Kharif (Monsoon) crops  
1 Jowar (Sorghum) 1.24 1.65 1330 
2 Maize 4.19 6.03 1439 
3 Sesamum 3.29 1.05 319 
4 Green gram 1.62 0.70 432 
5 Black gram 0.96 0.64 666 
6 Cow pea 0.26 0.16 615 
7 Cluster bean  2.05 0.83 404 
8 Cotton(MS) 23.54 70.14 (bales of 
170 Kg each) 
506 
9 Cotton(LS) 
10 Groundnut 17.95 24.56 1368 
11 Bajra 5.29 5.35 1011 
12 Paddy 7.22 12.26 1698 
B Rabi (Winter) crops 
1 Wheat(Irri) 10.16 25.41 2500 
2 Wheat(Unirri) 0.75 0.52 693 
3 Jowar 0.50 0.43 860 
4 Pigeon pea 1.87 1.85 989 
5 Castor 3.27 5.89 1801 
6 Onion 0.55 15.18 27600 
7 Garlic 0.34 1.99 5852 
8 Potato 0.56 11.71 20910 
9 Cumin 2.71 1.28 472 
10 Isabgul 0.15 0.08 533 
11 Fennel 0.14 0.21 1500 
12 Banana 0.27 18.92 7007 
13 Sugarcane(P)  
2.21 
 
15.51 Gul 
 
7018 14 Sugarcane(R) 
15 Sugarcane 
16 Tobacco(B) 0.49 0.70 1428 
17 Tobacco(C) 
18 Chikory 0.12 0.08 666 
19 Gram 1.75 1.77 1011 
20 Mustard 0.26 0.16 615 
C Zaid (Summer) crops 
1 Bajra 1.75 4.26 2434 
2 Paddy 0.25 0.77 3080 
3 Groundnut 1.12 2.05 1830 
 (Directorate of Agriculture, Govt. of Gujarat, Gandhinagar) 
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3.6.2 Imputation procedure for input costs  
The value of purchased input was taken into account as reported by 
the farmers with due verification. Some of the inputs used in the production 
process comes from family sources. The procedures adopted for deriving 
imputed value of these inputs were as under; 
1.    The value of family labour was worked out at the wage rate prevailing 
for different agricultural operations in the selected villages. 
2.    The cost of bullock labour utilized in cultivation of the crops was 
reckoned as per the prevailing market rate in the villages. 
3.    The value of farm produced manure and seeds were computed as 
the rates prevailing in the concerned  villages. 
4.    The costs of irrigation, tractor ad owned machinery charges (viz. 
thresher / opener etc.) were considered at the market rate of custom 
services. 
5.    The kind payments are evaluated at prices prevalent in the village at 
the time of that operation done. 
6.    Interest on working capital was charged at the rate of 12 per cent per 
annum, according to the duration of crops. 
7.    Interest on owned fixed capital was charged at the rate of 10 per cent 
per annum. 
8.    Depreciation of owned farm buildings was calculated at the rate of 5 
per cent for kachha and 2 per cent of pakka buildings per annum. 
9.    Rental value of farmers’ owned land was charged at the rate 
prevailing in the villages in the season. 
10.    Management charge was calculated at the rate of 10 per cent of total 
cost. 
3.6.3 Apportionment of joint costs 
 The apportionment of total cost of cultivation between the main product 
and the by-product was done in proportion to their contribution to the total 
value of output, when the value of by-product was greater than or equal to 10 
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per cent; but when the value of by-product was less than 10 per cent, it was 
deducted from the total cost. 
3.6.4 Cost concepts 
 The cost concepts and the items of costs included under each concept 
were considered as given in Table 3.2 (Anonymous, 2009). 
Table 3.2: Cost concepts 
Cost concepts Items of cost included 
Cost A a) Value of hired human labour 
b) Value of hired bullock labour 
c) Value of owned bullock labour 
d) Value of use of owned farm machinery 
e) Hired farm machinery charges 
f) Value of seed (both farm produced and purchased) 
g) Value of manure (owned farm and purchased) 
h) Value of fertilizer 
i) Value of insecticides and pesticides 
j) Irrigation charges 
k) Depreciation on farm building, owned farm 
machinery 
l) Interest on working capital 
m) Other paid out expenses, if any 
Cost B Cost A plus rental value of owned land  and interest on 
value of owned fixed capital assets (excluding land 
revenue) 
Cost C1 Cost B plus  imputed value of family labour 
Cost C2 Cost C1 plus 10 per cent of cost C1 as a managerial charges 
 The expenses incurred towards land revenue, transport charges, 
charges paid for hiring thresher / opener, tractor charges, charge to contract 
works etc. were included under the head of miscellaneous cost. In the present 
study, Cost A was considered as total cost of cultivation for the crop. The 
details of cost of cultivation of the crops under study is illustrated in Table 3.3; 
while the profit from the particular crop was calculated as presented in Table 
3.4.  
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Table 3.3 
Details of costs of crop per hectare in Gujarat (Year: 2007-08) 
Sr. 
No. 
Items A1-Jowar A2-Maize A3-Sesamum A4-Greengram A5-Blackgram A6-Cow pea 
Unit Value 
Rs. 
Unit Value 
Rs. 
Unit Value 
Rs. 
Unit Value 
Rs. 
Unit Value 
Rs. 
Unit Value 
Rs. 
1 Human labour             
i) Family (man days) 35.00 1753 38.00 1668 26.25 1847 20.75 1375 22.25 1906 43.70 2192 
ii) Hired (man days) 51.00 2547 35.25 1619 21.00 1414 21.50 1308 24.50 2048 20.95 1048 
2 Bullock  labour (days) 10.00 1512 4.75 777 5.50 1531 4.50 1235 6.00 1756 10.41 2082 
3 Seeds (Kgs) 12.08 357 24.98 708 3.20 238 19.00 859 18.52 955 19.54 677 
4 Manure (carts) 9.00 898 5.50 1457 3.50 514 3.25 496 2.75 376 15.42 1157 
5 Chemical fertilizer  N 39.08  
1077 
30.77  
1308 
42.08  
982 
10.30  
418 
11.57  
552 
0.00  
0 P 38.74 71.68 28.65 17.49 24.71 0.00 
K 0.00 0.00 0.87 1.43 0.82 0.00 
6 Irrigation  0  0  15  0  0  630 
7 Insecticides / Pesticides  0  71  502  152  265  0 
8 Miscellaneous cost  33  2014  673  589  719  941 
9 Depreciation cost  17  237  250  291  305  349 
10 Interest on working capital  258  291  245  214  279  276 
11 Rental value of owned land  2191  2650  2571  2518  2928  3486 
12 Interest on owned fixed capital  8  187  267  363  451  397 
13 Management cost  1065  1299  1105  982  1254  1324 
14 Cost A = 1(ii)+2+3+4+5+6+7+8+9+10  6699  8482  6364  5562  7255  7160 
15 Cost B = 14+11+12  8898  11319  9202  8443  10634  11043 
16 Cost C1= 15+1(i)  10651  12987  11049  9818  12540  13235 
17 Cost C2 = 16+13  11716  14286  12154  10800  13794  14559 
18 Yield             
i) Main product (qt/ha) 12.05  19.48  3.57  5.37  6.20  9.58  
ii) By-product (qt/ha) 17.85  25.12  0.00  8.37  9.78  22.67  
19 A: FHP of main product (Rs/qt)  1327  694.2  3478.3  2020.8  1665  1495.4 
B: Income from by-product (Rs/ha)  1643  1199  0  848  1154  2267 
20 Gross income (Rs/ha) = (18(i)x19(A))+19(B)   17639  14723  12418  11700  11477  16593 
21 Profit (Rs/ha) = 20-14   10940  6241  6054  6138  4222  9433 
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Table 3.3 (continue) 
Details of costs of crop per hectare in Gujarat (Year: 2007-08) 
Sr. 
No. 
Items A7-Clusterbean A8-Cotton(MS) A9-Cotton(LS) A10-Groundnut A11-Bajra A12-Paddy 
Unit Value 
Rs. 
Unit Value 
Rs. 
Unit Value 
Rs. 
Unit Value 
Rs. 
Unit Value 
Rs. 
Unit Value 
Rs. 
1 Human labour             
i) Family (man days) 17.00 903 42.00 2959 62.00 4864 38.00 3658 35.00 2628 37.00 1957 
ii) Hired (man days) 22.25 1140 56.00 3205 131.0 8327 33.00 2937 34.00 1975 98.00 4758 
2 Bullock  labour (days) 3.75 974 14.00 3191 16.00 4042 16.00 6214 9.00 2265 12.00 1047 
3 Seeds (Kgs) 21.96 526 13.00 507 10.00 1998 123.0 5563 5.00 523 42.00 555 
4 Manure (carts) 3.50 687 7.00 1464 26.00 3203 15.00 2165 12.00 1978 12.00 811 
5 Chemical fertilizer  N 8.80  
322 
47.00  
926 
161.0  
2881 
20.00  
960 
61.00  
1077 
90.00  
2169 P 17.28 21.00 46.00 34.00 22.00 43.00 
K 3.23 0.00 0.00 0.00 0.00 0.00 
6 Irrigation  14  799  3641  345  4  1315 
7 Insecticides / Pesticides  0  217  2643  622  0  153 
8 Miscellaneous cost  1184  2162  2167  2527  2527  1480 
9 Depreciation cost  218  329  452  337  299  358 
10 Interest on working capital  203  1152  2642  866  425  506 
11 Rental value of owned land  2439  4776  8620  5319  2289  4831 
12 Interest on owned fixed capital  246  240  370  276  277  157 
13 Management cost  886  2193  4586  3179  1627  2010 
14 Cost A = 1(ii)+2+3+4+5+6+7+8+9+10  5268  13952  31996  22536  11073  13151 
15 Cost B = 14+11+12  7953  18968  40986  28131  13639  18139 
16 Cost C1= 15+1(i)  8856  21927  45850  31789  16267  20096 
17 Cost C2 = 16+13  9742  24120  50435  34968  17894  22106 
18 Yield             
i) Main product (qt/ha) 7.12  11.80  25.76  15.64  17.30  38.59  
ii) By-product (qt/ha) 13.20  13.39  20.27  22.10  30.90  46.64  
19 A: FHP of main product (Rs/qt)  1632.8  2436  2201.1  2222.7  660.4  677 
B: Income from by-product (Rs/ha)  1198  611  668  6430  2954  4051 
20 Gross income (Rs/ha) = (18(i)x19(A))+19(B)  12824  29357  56489  41194  14379  30178 
21 Profit (Rs/ha) = 20-14   7556  15405  24493  18658  3306  17027 
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Table 3.3 (continue) 
Details of costs of crop per hectare in Gujarat (Year: 2007-08) 
Sr. 
No. 
Items B1-Wheat(Irri) B2-Wheat(Unir) B3-Jowar B4-Pigeonpea B5-Castor B6-Onion 
Unit Value 
Rs. 
Unit Value 
Rs. 
Unit Value 
Rs. 
Unit Value 
Rs. 
Unit Value 
Rs. 
Unit Value 
Rs. 
1 Human labour             
i) Family (man days) 36.00 2383 22.00 1366 35.80 1790 22.25 1260 25.25 1498 83.75 6601 
ii) Hired (man days) 37.00 1998 26.00 1262 62.56 3128 50.25 2881 33.75 2186 187.75 14565 
2 Bullock  labour (days) 6.00 1411 10.00 1393 18.18 2603 8.25 1260 3.75 1155 13.75 3329 
3 Seeds (Kgs) 145.00 2245 77.00 1334 13.81 244 14.00 561 7.75 826 17.25 10321 
4 Manure (carts) 1.00 130 2.00 106 0.57 86 6.50 584 5.25 1482 19.00 3034 
5 Chemical fertilizer  N 119.00  
2406 
8.00  
430 
13.35  
309 
39.37  
947 
98.78  
1627 
110.77  
2542 P 60.00 20.00 10.72 33.66 35.29 67.71 
K 0.00 0.00 0.00 0.00 0.00 17.68 
6 Irrigation  5331  0  0  329  5090  7396 
7 Insecticides / Pesticides  109  0  0  546  115  1330 
8 Miscellaneous cost  2850  1392  202  1137  1126  8905 
9 Depreciation cost  351  402  133  263  258  378 
10 Interest on working capital  673  252  269  665  1248  2072 
11 Rental value of owned land  5560  1787  2628  4357  5814  12331 
12 Interest on owned fixed capital  282  199  69  208  343  588 
13 Management cost  2573  992  1146  1500  2277  7339 
14 Cost A = 1(ii)+2+3+4+5+6+7+8+9+10  17504  6571  6974  9173  15113  53872 
15 Cost B = 14+11+12  23346  8557  9671  13738  21270  66791 
16 Cost C1= 15+1(i)  25729  9923  11461  14998  22768  73392 
17 Cost C2 = 16+13  28302  10915  12607  16498  25045  80731 
18 Yield             
i) Main product (qt/ha) 32.47  7.65  11.96  9.33  20.17  332.07  
ii) By-product (qt/ha) 31.54  9.62  16.80  11.05  18.29  0.00  
19 A: FHP of main product (Rs/qt)  999.5  1211  1099.1  2344.6  2448.9  222.28 
B: Income from by-product (Rs/ha)  2327  1780  5693  2001  777  0 
20 Gross income (Rs/ha) = (18(i)x19(A))+19(B)  34781  11044  18839  25283  50173  73813 
21 Profit (Rs/ha) = 20-14   17277  4473  11865  16110  35060  19941 
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Table 3.3 (continue) 
Details of costs of crop per hectare in Gujarat (Year: 2007-08) 
Sr. 
No. 
Items B7-Garlic B8-Potato B9-Cumin B10-Isabgul B11-Fennel B12-Banana 
Unit Value 
Rs. 
Unit Value 
Rs. 
Unit Value 
Rs. 
Unit Value 
Rs. 
Unit Value 
Rs. 
Unit Value 
Rs. 
1 Human labour             
i) Family (man days) 55.45 4952 21.06 1322 37.17 3359 46.25 2470 17.50 1114 38.75 1842 
ii) Hired (man days) 64.90 6483 57.76 3749 29.81 2443 33.50 1794 51.25 3242 244.50 11683 
2 Bullock  labour (days) 6.58 1472 7.72 1331 3.17 783 5.75 1198 3.25 1194 11.25 1698 
3 Seeds (Kgs) 807.44 25867 2440.9 37155 18.68 2124 7.75 290 5.50 488 3130 11238 
4 Manure (carts) 14.79 2542 9.27 3049 3.47 591 2.50 477 3.25 1329 29.75 2862 
5 Chemical fertilizer  N 153.69  
3663 
185.40  
6906 
68.64  
1412 
65.15  
1153 
92.37  
2056 
372.75  
11286 P 101.80 108.00 39.75 33.50 42.95 244.07 
K 28.88 155.50 1.25 0.00 0.00 260.18 
6 Irrigation  4169  5007  2614  4174  5843  8615 
7 Insecticides / Pesticides  2424  245  1879  0  502  329 
8 Miscellaneous cost  1900  2603  1574  947  834  4153 
9 Depreciation cost  278  258  304  279  189  819 
10 Interest on working capital  11161  2431  545  412  1411  6323 
11 Rental value of owned land  10027  4605  4588  3117  5380  13134 
12 Interest on owned fixed capital  462  271  426  440  281  160 
13 Management cost  6643  6941  2264  1675  2386  7414 
14 Cost A = 1(ii)+2+3+4+5+6+7+8+9+10  50979  63208  14268  10724  17088  59006 
15 Cost B = 14+11+12  61468  68084  19283  14281  22749  72300 
16 Cost C1= 15+1(i)  66420  69406  22642  16751  23863  74142 
17 Cost C2 = 16+13  73063  76346  24906  18426  26249  81556 
18 Yield             
i) Main product (qt/ha) 66.69  263.46  6.69  8.93  13.05  389.78  
ii) By-product (qt/ha) 0.00  0.00  0.00  9.41  0.00  0.00  
19 A: FHP of main product (Rs/qt)  988.6  310.2  7810.6  3929.7  2641.9  355.93 
B: Income from by-product (Rs/ha)  0  0  0  1017  0  0 
20 Gross income (Rs/ha) = (18(i)x19(A))+19(B)  65936  81733  52252  36110  34777  138734 
21 Profit (Rs/ha) = 20-14   14957  18525  37984  25386  17389  79728 
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Table 3.3 (continue) 
Details of costs of crop per hectare in Gujarat (Year: 2007-08) 
Sr. 
No. 
Items B13-
Sugarcane(P) 
B14-
Sugarcane(R) 
B15-Sugarcane B16-Tobacco(B) B17-
Tobacco(C) 
B18-Chikory 
Unit Value 
Rs. 
Unit Value 
Rs. 
Unit Value 
Rs. 
Unit Value 
Rs. 
Unit Value 
Rs. 
Unit Value 
Rs. 
1 Human labour             
i) Family (man days) 50.75 3731 33.75 2310 45.00 3263 21.00 1351 31.00 1997 29.50 1900 
ii) Hired (man days) 213.75 15382 190.75 11872 204.50 14272 91.00 5876 89.00 5739 86.25 5618 
2 Bullock  labour (days) 6.37 2241 6.75 1286 6.50 1938 5.00 733 4.50 690 2.50 401 
3 Seeds (Kgs)  * Seedlings 6226.0 11849 0.00 0 4256.0 8103 18186*  1275 25199* 1414 1.50 1905 
4 Manure (carts) + Castor cakes(kg) 19+39 4825 18+12 1745 17.00 3450 16.00 1514 11.00 1061 9.75 964 
5 Chemical fertilizer  N 39.25  
5442 
234.24  
5920 
217.90  
5593 
286.00  
4857 
224.00  
4833 
215.96  
3421 P 213.32 108.71 113.82 6.00 4.00 61.62 
K 117.62 81.45 76.30 0.00 0.00 0.00 
6 Irrigation  8850  5497  9241  3756  4560  4799 
7 Insecticides / Pesticides  1754  290  201  0  0  1085 
8 Miscellaneous cost  6376  7550  8665  6003  5495  6080 
9 Depreciation cost  209  163  195  389  395  508 
10 Interest on working capital  13958  10534  10972  3712  3840  958 
11 Rental value of owned land  11948  12058  11873  9094  8485  7314 
12 Interest on owned fixed capital  239  179  220  212  270  298 
13 Management cost  7142  4753  6337  3289  3004  2963 
14 Cost A = 1(ii)+2+3+4+5+6+7+8+9+10  55504  32985  48358  22239  22288  20121 
15 Cost B = 14+11+12  67691  45222  60451  31545  31043  27733 
16 Cost C1= 15+1(i)  71422  47532  63714  32896  33040  29633 
17 Cost C2 = 16+13  78564  52285  70051  36185  36044  32596 
18 Yield             
i) Main product (qt/ha) 837.61  715.49  801.69  20.10  23.91  45.99  
ii) By-product (qt/ha) 78.47  67.85  74.48  0.00  0.00  0.00  
19 A: FHP of main product (Rs/qt)  98.76  107.1  99.8  3124  2850  823 
B: Income from by-product (Rs/ha)  5025  3534  4531  0  0  0 
20 Gross income (Rs/ha) = (18(i)x19(A))+19(B)  87747  80220  84580  62792  68144  37850 
21 Profit (Rs/ha) = 20-14   32243  47235  36222  40553  45856  17729 
(continue..) 
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Table 3.3 (continue) 
Details of costs of crop per hectare in Gujarat (Year: 2007-08) 
Sr. 
No. 
Items B19-Gram B20-Mustard C1-Bajra C2-Paddy C3-Groundnut 
Unit Value 
Rs. 
Unit Value 
Rs. 
Unit Value 
Rs. 
Unit Value 
Rs. 
Unit Value 
Rs. 
1 Human labour           
i) Family (man days) 57.00 3155 41.00 2428 20.50 1239 46.50 2329 57.25 5030 
ii) Hired (man days) 10.00 505 31.00 1541 44.00 2944 133.75 6690 70.50 6349 
2 Bullock  labour (days) 11.00 1494 7.00 1187 3.75 818 8.25 1263 10.50 2817 
3 Seeds (Kgs) 67.00 1266 6.00 203 6.50 921 49.25 619 164.00 7461 
4 Manure (carts) 0.00 0 1.00 314 2.50 360 14.07 1529 13.50 2394 
5 Chemical fertilizer  N 11.00  
381 
75.00  
1437 
80.62  
1433 
162.03  
4055 
33.11  
1210 P 13.00 35.00 30.73 54.36 45.03 
K 0.00 0.00 0.00 0.00 9.42 
6 Irrigation  1407  4645  4069  976  6152 
7 Insecticides / Pesticides  890  177  0  0  807 
8 Miscellaneous cost  868  2730  1887  1000  2172 
9 Depreciation cost  384  275  297  93  339 
10 Interest on working capital  1242  531  509  649  1188 
11 Rental value of owned land  1986  3544  3728  3234  9188 
12 Interest on owned fixed capital  112  143  274  46  582 
13 Management cost  1156  1808  1848  2248  4549 
14 Cost A = 1(ii)+2+3+4+5+6+7+8+9+10  8437  13040  13238  16875  30889 
15 Cost B = 14+11+12  10535  16727  17240  20155  40659 
16 Cost C1= 15+1(i)  13690  19155  18479  22484  45689 
17 Cost C2 = 16+13  14846  20963  20327  24732  50238 
18 Yield           
i) Main product (qt/ha) 10.11  16.02  31.51  56.57  20.19  
ii) By-product (qt/ha) 9.45  10.98  45.32  64.39  30.00  
19 A: FHP of main product (Rs/qt)  2046.5  1561.71  655.1  807  2539.3 
B: Income from by-product (Rs/ha)  931  291  4708  10846  7635 
20 Gross income (Rs/ha) = (18(i)x19(A))+19(B)  21622  25310  25352  56500  58904 
21 Profit (Rs/ha) = 20-14   13185  12270  12114  39625  28015 
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Table 3.4: Economics of the selected crops under study (Year 2007-08) 
Sr. Crops 
* Long 
duration crop 
Total cost 
of 
cultivation 
Yield Main 
product 
price 
Main 
product 
income 
By-
product 
income 
Total 
income 
Profit  
1 2 3 4=2x3 5 6=4+5 7=6-1 
Rs/ha qt/ha Rs/qt Rs/ha Rs/ha Rs/ha Rs/ha 
A Kharif (Monsoon) crops (Sowing month: June - July, Harvesting month: Oct.- Nov.) 
1 Jowar  6699 12.05 1327.47 15996.01 1643.00 17639 10940 
2 Maize 8482 19.48 694.25 13523.99 1199.00 14723 6241 
3 Sesamum 6364 3.57 3478.39 12417.85 0.00 12418 6054 
4 Green gram 5562 5.37 2020.86 10852.02 848.00 11700 6138 
5 Black gram 7255 6.20 1665.00 10323.00 1154.00 11477 4222 
6 Cow pea 7160 9.58 1495.41 14326.03 2267.00 16593 9433 
7 Cluster bean  5268 7.12 1632.87 11626.03 1198.00 12824 7556 
8 Cotton(MS)* 13952 11.80 2436.07 28745.63 611.00 29357 15405 
9 Cotton(LS)* 31996 25.36 2201.14 55820.91 668.00 56489 24493 
10 Groundnut 22536 15.64 2222.78 34764.28 6430.00 41194 18658 
11 Bajra 11073 17.30 660.42 11425.27 2954.00 14379 3306 
12 Paddy 13151 38.59 677.04 26126.97 4051.00 30178 17027 
B Rabi (Winter) crops (Sowing month: Nov.- Dec., Harvesting month: Feb.-  March) 
1 Wheat(Irri) 17504 32.47 999.50 32457.01 2327.00 34781 17277 
2 Wheat(Unirri) 6571 7.65 1211.00 9264.15 1780.00 11044 4473 
3 Jowar 6974 11.96 1099.16 13145.95 5693.00 18839 11865 
4 Pigeon pea* 9173 9.93 2344.61 23281.98 2001.00 25283 16110 
5 Castor* 15113 20.17 2448.98 49395.93 777.00 50173 35060 
6 Onion 53872 332.07 222.28 73812.52 0.00 73813 19941 
7 Garlic 50979 66.69 988.69 65935.74 0.00 65936 14957 
8 Potato 63208 263.46 310.23 81733.20 0.00 81733 18525 
9 Cumin 14268 6.69 7810.51 52252.98 0.00 52252 37984 
10 Isabgul 10724 8.93 3929.79 35093.02 1017.00 36110 25386 
11 Fennel 17088 13.05 2641.92 34477.06 0.00 34477 17389 
12 Banana* 59006 389.78 355.93 138734.40 0.00 138734 79728 
13 Sugarcane(P)* 55504 837.61 98.76 82722.36 5025.00 87747 32243 
14 Sugarcane(R)* 32985 715.49 107.18 76686.22 3534.00 80220 47235 
15 Sugarcane* 48358 801.69 99.85 80048.75 4531.00 84580 36222 
16 Tobacco(B)* 22239 20.10 3124.00 62792.40 0.00 62792 40553 
17 Tobacco(C)* 22288 23.91 2850.00 68143.50 0.00 68144 45856 
18 Chikory 20121 45.99 823.01 37850.23 0.00 37850 17729 
19 Gram 8437 10.11 2046.54 20690.52 931.00 21622 13185 
20 Mustard 13040 16.02 1561.71 25018.59 291.00 25310 12270 
C Zaid (Summer) crops (Sowing month: Feb.- March, Harvesting month: June – July) 
1 Bajra 13238 31.51 655.16 20644.09 4708.00 25352 12114 
2 Paddy 16875 56.57 807.04 45654.25 10846.00 56500 39625 
3 Groundnut 30889 20.19 2539.34 51269.27 7635.00 58904 28015 
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3.7 Input Data for Programme 
 In the programme formulation, the profit (Rs/ha) from each crop (Table 
3.4) was considered as input /base data. The programme will calculate the 
profit on selected crops per season as well as per year by minimum 10 per 
cent land allocation to each selected crop and maximum land allocation to the 
maximum profit giving crop among the selected crops. The user / farmers 
have to submit the following detail to the programme. 
3.7.1 Available land for each season 
By considering their investing capacity, available inputs i.e. rain, 
irrigation facility, labour etc. One has to allocate the available land for each 
season. But, if irrigation is not sufficient, they do not require to allocate land 
for Summer season.  
3.7.2 Selection of crops 
3.7.2.1 Kharif and rabi seasons  
They requires to select minimum three crops, maximum five crops; so 
as to prevent the shortage of particular food and to fulfill the daily requirement 
of food having different nutrition, demand of community as well as the fodder 
requirement by animals. The user will select crops also by considering their 
soil type, soil fertility, climatic condition, availability of input like seeds, 
fertilizers etc. When the user will select any long duration kharif / rabi crop; for 
the next coming season, he has to consider the previous crop duration and its 
grown area and accordingly he will allocate the available land for the next 
coming season. 
3.7.2.2 Summer season 
Considering the availability of irrigation, they can select one, two or 
three crops. If irrigation is not adequate, they do not require to select any 
crop. 
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3.8 Model Formulation 
 The problem of profitable farm management i.e. maximization of profit 
within constraints of area with the objective was to maximize the net profit. To 
solve the problem, the LP model was developed based on the following 
assumptions. 
Assumptions: 
1) Only those crops are selected which are mainly grown in the state. 
2) Production and cost function for each and every crops selected should 
be existed. 
3) Maximum available cultivation area per season should be known. 
4) The farmer / user will select crops by considering their soil type, soil 
fertility, climatic condition, availability of input like seeds, fertilizers, 
irrigation etc. 
5) The farmer must be selected minimum three crops and maximum five 
crops for kharif and rabi season. 
6) The famer can select maximum three crops and if irrigation is not 
adequate than he cannot select any crop.  
7) If the user will select any long duration kharif / rabi crop then for the 
next coming season, he has to consider the previous crop duration and 
its grown area. 
The objective function of economical unity was formulated as   
                m                   m                   m 
Maximize Z =      Σ   P1j  A1j  +   Σ   P2j  A2j  +    Σ   P3j  A3j          
                j=1                 j=1                 j=0 
                                                                                                             …..(3.1) 
subject to the constraints,  
 m 
 Σ A1j  ≤ TAL1                                                                    …..(3.2) 
j=1 
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m 
 Σ A2j  ≤ TAL2                     …..(3.3) 
j=1 
 
  m 
 Σ A3j  ≤ TAL3                       …..(3.4) 
j=0 
 
  Aij   ≥ 10 % of TALi             …..(3.5) 
 
  3 ≤ m ≤ 5  for Kharif and Rabi season        …..(3.6) 
 
  m  ≤ 3  for Summer season          …..(3.7) 
where, 
Z = Total profit per year, Rs/Yr 
Pij = Profit  from j
th crop in ith season, Rs/ha 
Aij = Area of j
th crop in ith season, ha 
TALi = Total available land in i
th season, ha 
i = Season index having value 1 for Kharif, 2 for Rabi and 3 for Summer  
j = Crop index having value 1 to 5 for  Kharif and Rabi, 0 to 3 for 
Summer 
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CHAPTER – IV 
ICT BASED OPTIMIZATION MODEL 
4.1 Introduction   
The role of optimization mathematical modeling in agriculture has 
changed significantly over the past few years due to development of IT and 
ICT. It along with ICT has evolved into functioning as a resource of strategic 
importance in competitive advantage. For improving productivity ICT based 
intelligent management system for agriculture is becoming necessity for the 
country.  The LP model formulated in Chapter 3.8 could be solved by using 
readily available standard packages like Lindo, Lingo, Tora, Linux, POM-QM, 
LPP, etc. in the market. But these software were DOS based and a farmer 
could not use it easily; so it was decided to develop a user friendly special ICT 
based on Windows Microsoft Visual Basic programme.  The data from Table 
3.4 were used as database of ICT. The visual of ICT developed on computer 
monitor is shown in Fig. 4.1.   
 
Fig.: 4.1 Visual of ICT developed 
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4.2 ICT Programme and its Solution 
MODULE   
 
Option Explicit 
Private Declare Function GetProp Lib "user32.dll" Alias "GetPropA" ( _ 
                ByVal hWnd As Long, _ 
                ByVal lpString As String) As Long 
 
Private Declare Function SetProp Lib "user32.dll" Alias "SetPropA" ( _ 
                ByVal hWnd As Long, _ 
                ByVal lpString As String, _ 
                ByVal hData As Long) As Long 
 
Private Declare Function RemoveProp Lib "user32.dll" Alias "RemovePropA" ( _ 
                ByVal hWnd As Long, _ 
                ByVal lpString As String) As Long 
 
Private Declare Function CallWindowProc Lib "user32.dll" Alias "CallWindowProcA" ( 
_ 
                ByVal lpPrevWndFunc As Long, _ 
                ByVal hWnd As Long, _ 
                ByVal Msg As Long, _ 
                ByVal wParam As Long, _ 
                ByVal lParam As Long) As Long 
 
Private Declare Function SetWindowLong Lib "user32.dll" Alias "SetWindowLongA" ( 
_ 
                ByVal hWnd As Long, _ 
                ByVal nIndex As Long, _ 
                ByVal dwNewLong As Long) As Long 
 
Private Declare Function GetWindowRect Lib "user32" ( _ 
                ByVal hWnd As Long, _ 
                lpRect As RECT) As Long 
                 
Private Declare Function GetParent Lib "user32" ( _ 
                ByVal hWnd As Long) As Long 
 
Public Declare Function SendMessage Lib "user32.dll" Alias "SendMessageA" ( _ 
                ByVal hWnd As Long, _ 
                ByVal Msg As Long, _ 
                wParam As Any, _ 
                lParam As Any) As Long 
 
Private Const GWL_WNDPROC = -4 
Private Const WM_MOUSEWHEEL = &H20A 
Private Const CB_GETDROPPEDSTATE = &H157 
 
Private Type RECT 
  Left As Long 
  Top As Long 
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  Right As Long 
  Bottom As Long 
End Type 
 
Private Function WindowProc(ByVal Lwnd As Long, ByVal Lmsg As Long, ByVal 
wParam As Long, ByVal lParam As Long) As Long 
  Dim MouseKeys As Long 
  Dim Rotation As Long 
  Dim Xpos As Long 
  Dim Ypos As Long 
  Dim fFrm As Form 
 
  Select Case Lmsg 
   
    Case WM_MOUSEWHEEL 
     
      MouseKeys = wParam And 65535 
      Rotation = wParam / 65536 
      Xpos = lParam And 65535 
      Ypos = lParam / 65536 
       
      Set fFrm = GetForm(Lwnd) 
      If fFrm Is Nothing Then 
        ' it's not a form 
        If Not IsOver(Lwnd, Xpos, Ypos) And IsOver(GetParent(Lwnd), Xpos, Ypos) 
Then 
          ' it's not over the control and is over the form, 
          ' so fire mousewheel on form (if it's not a dropped down combo) 
          If SendMessage(Lwnd, CB_GETDROPPEDSTATE, 0&, 0&) <> 1 Then 
            GetForm(GetParent(Lwnd)).MouseWheel MouseKeys, Rotation, Xpos, Ypos 
            Exit Function ' Discard scroll message to control 
          End If 
        End If 
      Else 
        ' it's a form so fire mousewheel 
        If IsOver(fFrm.hWnd, Xpos, Ypos) Then fFrm.MouseWheel MouseKeys, 
Rotation, Xpos, Ypos 
      End If 
  End Select 
   
  WindowProc = CallWindowProc(GetProp(Lwnd, "PrevWndProc"), Lwnd, Lmsg, 
wParam, lParam) 
End Function 
 
Public Sub WheelHook(ByVal hWnd As Long) 
  On Error Resume Next 
  SetProp hWnd, "PrevWndProc", SetWindowLong(hWnd, GWL_WNDPROC, 
AddressOf WindowProc) 
End Sub 
 
Public Sub WheelUnHook(ByVal hWnd As Long) 
  On Error Resume Next 
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  SetWindowLong hWnd, GWL_WNDPROC, GetProp(hWnd, "PrevWndProc") 
  RemoveProp hWnd, "PrevWndProc" 
End Sub 
 
Public Sub FlexGridScroll(ByRef FG As MSHFlexGrid, ByVal MouseKeys As Long, 
ByVal Rotation As Long, ByVal Xpos As Long, ByVal Ypos As Long) 
  Dim NewValue As Long 
  Dim Lstep As Single 
 
  On Error Resume Next 
  With FG 
    Lstep = .Height / .RowHeight(0) 
    Lstep = Int(Lstep) 
    If .Rows < Lstep Then Exit Sub 
    Do While Not (.RowIsVisible(.TopRow + Lstep)) 
      Lstep = Lstep - 1 
    Loop 
    If Rotation > 0 Then 
        NewValue = .TopRow - Lstep 
        If NewValue < 1 Then 
            NewValue = 1 
        End If 
    Else 
        NewValue = .TopRow + Lstep 
        If NewValue > .Rows - 1 Then 
            NewValue = .Rows - 1 
        End If 
    End If 
    .TopRow = NewValue 
  End With 
End Sub 
 
Public Function IsOver(ByVal hWnd As Long, ByVal lX As Long, ByVal lY As Long) 
As Boolean 
  Dim rectCtl As RECT 
  GetWindowRect hWnd, rectCtl 
  With rectCtl 
    If lX >= .Left And lX <= .Right And lY >= .Top And lY <= .Bottom Then IsOver = 
True 
  End With 
End Function 
 
Private Function GetForm(ByVal hWnd As Long) As Form 
  For Each GetForm In Forms 
    If GetForm.hWnd = hWnd Then Exit Function 
  Next GetForm 
  Set GetForm = Nothing 
End Function
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MAIN FORM 
*Main form to Enter Farmer's Data for crop selection and showing their Report 
as Subject. * 
 
 
Option Explicit 
Dim con As New ADODB.Connection 
Dim rs1 As New ADODB.Recordset 
Dim rs2 As New ADODB.Recordset 
Dim rs3 As New ADODB.Recordset 
Dim rs4 As New ADODB.Recordset 
Dim rs5 As New ADODB.Recordset 
 
Dim intX As Integer, intY As Integer, intZ As Integer 
Dim ANUM As Integer, BNUM As Integer, CNUM As Integer 
Dim ATXT As String, BTXT As String, CTXT As String 
Dim SQL1 As String, SQL2 As String, SQL3 As String 
Dim ACNT As Integer, BCNT As Integer, CCNT As Integer 
Dim PA10 As Double, PB10 As Double, PC10 As Double 
Dim PAM As Double, PBM As Double, PCM As Double 
Dim ax As Boolean, bx As Boolean, cx As Boolean 
Dim str As String 
Dim ASID As String, ACID As Integer, ACULTI As Double, AYIELD As Double 
Dim AMINC As Double, ABINC As Double, ATINC As Double, APROF As Double 
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Dim AUSID As String, AUCID As Integer, AMP As Double 
 
Dim BSID As String, BCID As Integer, BCULTI As Double, BYIELD As Double 
Dim BMINC As Double, BBINC As Double, BTINC As Double, BPROF As Double 
Dim BUSID As String, BUCID As Integer, BMP As Double 
 
Dim CSID As String, CCID As Integer, CCULTI As Double, CYIELD As Double 
Dim CMINC As Double, CBINC As Double, CTINC As Double, CPROF As Double 
Dim CUSID As String, CUCID As Integer, CMP As Double 
 
 
Private Sub monsoon()  
If rs1.State = 1 Then rs1.Close 
rs1.Open "SELECT CID,CNAME FROM CTABLE WHERE SID='" & "A" & "' ORDER 
BY CID", con, adOpenDynamic, adLockOptimistic 
    With rs1 
     Do Until .EOF 
        lstmons.AddItem rs1.Fields(1) 
         .MoveNext 
      Loop 
      .Close 
   End With 
End Sub 
Private Sub winter()  
If rs1.State = 1 Then rs1.Close 
rs1.Open "SELECT CID,CNAME FROM CTABLE WHERE SID='" & "B" & "' ORDER 
BY CID", con, adOpenDynamic, adLockOptimistic 
    With rs1 
     Do Until .EOF 
        lstwint.AddItem rs1.Fields(1) 
         .MoveNext 
      Loop 
      .Close 
   End With 
End Sub 
 
Private Sub zaid()  
If rs1.State = 1 Then rs1.Close  
rs1.Open "SELECT CID,CNAME FROM CTABLE WHERE SID='" & "C" & "' ORDER 
BY CID", con, adOpenDynamic, adLockOptimistic 
    With rs1 
     Do Until .EOF 
        lstzaid.AddItem rs1.Fields(1) 
         .MoveNext 
      Loop 
      .Close 
   End With 
End Sub 
 
Private Sub cmddata_Click()  
database.Show 1 
End Sub 
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Private Sub cmdview_Click() * Calculation for report as subject * 
If Val(txta.Text) > 0 Then 
    If lstmons.SelCount > 2 And lstmons.SelCount < 6 Then 
        With lstmons 
            For intX = 0 To .ListCount - 1 
                If .Selected(intX) Then 
                    ANUM = intX + 1 
                    ATXT = lstmons.List(intX) 
                    If rs2.State = 1 Then rs2.Close 
                    rs2.Open "insert into tempa(sid,cid,cname) values ('" & "A" & "','" & 
ANUM & "','" & ATXT & "')", con, adOpenDynamic, adLockOptimistic 
                End If 
            Next 
        End With 
        ACNT = lstmons.SelCount 
        PA10 = Format(Val(txta.Text) * 10 / 100, "#0.00") 
        PAM = Format(Val(txta.Text) - ((ACNT - 1) * PA10), "#0.00") 
         
        SQL1 = "SELECT 
CT.SID,CT.CID,CT.CULTI,CT.YIELD,CT.MINCOME,CT.BINCOME,CT.TINCOME,C
T.PROFIT FROM Ctable AS CT INNER JOIN [SELECT MAX(CB.PROFIT) AS MP 
FROM Ctable AS CB, TEMPA AS TA WHERE (CB.CID=TA.CID) AND 
(CB.SID=TA.SID)]. AS ABC ON CT.PROFIT = ABC.MP" 
        If rs3.State = 1 Then rs3.Close 
        rs3.Open SQL1, con, adOpenDynamic, adLockOptimistic 
 
        ASID = rs3.Fields(0): ACID = rs3.Fields(1): ACULTI = Format(rs3.Fields(2) * 
PAM, "#0.00"): AYIELD = Format(rs3.Fields(3) * PAM, "#0.00") 
        AMP = Format(rs3.Fields(4), "#0.00"): AMINC = Format(AYIELD * AMP, 
"#0.00"): ABINC = Format(rs3.Fields(5) * PAM, "#0.00") 
        ATINC = Format(rs3.Fields(6) * PAM, "#0.00"): APROF = Format(rs3.Fields(7) * 
PAM, "#0.00") 
         
        If rs2.State = 1 Then rs2.Close 
        rs2.Open "UPDATE TEMPA SET AREA='" & PAM & "', CULTI='" & ACULTI & 
"',YIELD='" & AYIELD & "',MPRICE='" & AMP & "',MINC='" & AMINC & "',BINC='" & 
ABINC & "',TINC='" & ATINC & "',PROFIT='" & APROF & "' WHERE CID=" & ACID, 
con, adOpenDynamic, adLockOptimistic 
         
        If rs4.State = 1 Then rs4.Close 
        rs4.Open "SELECT SID, CID FROM TEMPA WHERE CID<>" & ACID, con, 
adOpenDynamic, adLockOptimistic 
        While rs4.EOF = False 
            AUSID = rs4.Fields(0): AUCID = rs4.Fields(1) 
             
            If rs2.State = 1 Then rs2.Close 
            rs2.Open "SELECT CULTI,YIELD,MINCOME,BINCOME,TINCOME,PROFIT 
FROM CTABLE WHERE SID='" & AUSID & "' AND CID=" & AUCID, con, 
adOpenDynamic, adLockOptimistic 
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            ACULTI = Format(rs2.Fields(0) * PA10, "#0.00"): AYIELD = 
Format(rs2.Fields(1) * PA10, "#0.00"): AMP = Format(rs2.Fields(2), "#0.00") 
            AMINC = Format(AYIELD * AMP, "#0.00"): ABINC = Format(rs2.Fields(3) * 
PA10, "#0.00"): ATINC = Format(rs2.Fields(4) * PA10, "#0.00"): APROF = 
Format(rs2.Fields(5) * PA10, "#0.00") 
             
             
            If rs3.State = 1 Then rs3.Close 
            rs3.Open "UPDATE TEMPA SET AREA='" & PA10 & "', CULTI='" & ACULTI 
& "',YIELD='" & AYIELD & "',MPRICE='" & AMP & "',MINC='" & AMINC & "',BINC='" & 
ABINC & "',TINC='" & ATINC & "',PROFIT='" & APROF & "' WHERE CID=" & AUCID, 
con, adOpenDynamic, adLockOptimistic 
             
            rs.MoveNext 
        Wend 
    Else 
        MsgBox "Plz Select Crops B'tween 3 to 5.", vbInformation, "Monsoon Crops" 
    End If 
End If 
 
If Val(txtb.Text) > 0 Then 
    If lstwint.SelCount > 2 And lstwint.SelCount < 6 Then 
        With lstwint 
            For intY = 0 To .ListCount - 1 
                If .Selected(intY) Then 
                    BNUM = intY + 1 
                    BTXT = lstwint.List(intY) 
                    If rs2.State = 1 Then rs2.Close 
                    rs2.Open "insert into tempb(sid,cid,cname) values ('" & "B" & "','" & 
BNUM & "','" & BTXT & "')", con, adOpenDynamic, adLockOptimistic 
                End If 
            Next 
        End With 
        BCNT = lstwint.SelCount 
        PB10 = Format(Val(txtb.Text) * 10 / 100, "#0.00") 
        PBM = Format(Val(txtb.Text) - ((BCNT - 1) * PB10), "#0.00") 
         
        SQL2 = "SELECT 
CT.SID,CT.CID,CT.CULTI,CT.YIELD,CT.MINCOME,CT.BINCOME,CT.TINCOME,C
T.PROFIT FROM Ctable AS CT INNER JOIN [SELECT MAX(CB.PROFIT) AS MP 
FROM Ctable AS CB, TEMPB AS TA WHERE (CB.CID=TA.CID) AND 
(CB.SID=TA.SID)]. AS ABC ON CT.PROFIT = ABC.MP" 
        If rs3.State = 1 Then rs3.Close 
        rs3.Open SQL2, con, adOpenDynamic, adLockOptimistic 
 
        BSID = rs3.Fields(0): BCID = rs3.Fields(1): BCULTI = Format(rs3.Fields(2) * 
PBM, "#0.00"): BYIELD = Format(rs3.Fields(3) * PBM, "#0.00") 
        BMP = Format(rs3.Fields(4), "#0.0"): BMINC = Format(BYIELD * BMP, "#0.00"): 
BBINC = Format(rs3.Fields(5) * PBM, "#0.00"): BTINC = Format(rs3.Fields(6) * PBM, 
"#0.00") 
        BPROF = Format(rs3.Fields(7) * PBM, "#0.00") 
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        If rs2.State = 1 Then rs2.Close 
        rs2.Open "UPDATE TEMPB SET AREA='" & PBM & "', CULTI='" & BCULTI & 
"',YIELD='" & BYIELD & "',MPRICE='" & BMP & "',MINC='" & BMINC & "',BINC='" & 
BBINC & "',TINC='" & BTINC & "',PROFIT='" & BPROF & "' WHERE CID=" & BCID, 
con, adOpenDynamic, adLockOptimistic 
         
        If rs4.State = 1 Then rs4.Close 
        rs4.Open "SELECT SID, CID FROM TEMPB WHERE CID<>" & BCID, con, 
adOpenDynamic, adLockOptimistic 
        While rs4.EOF = False 
            BUSID = rs4.Fields(0): BUCID = rs4.Fields(1) 
             
            If rs2.State = 1 Then rs2.Close 
            rs2.Open "SELECT CULTI,YIELD,MINCOME,BINCOME,TINCOME,PROFIT 
FROM CTABLE WHERE SID='" & BUSID & "' AND CID=" & BUCID, con, 
adOpenDynamic, adLockOptimistic 
             
            BCULTI = Format(rs2.Fields(0) * PB10, "#0.00"): BYIELD = 
Format(rs2.Fields(1) * PB10, "#0.00") 
            BMP = Format(rs2.Fields(2), "#0.0"): BMINC = Format(BYIELD * BMP, 
"#0.00") 
            BBINC = Format(rs2.Fields(3) * PB10, "#0.00"): BTINC = 
Format(rs2.Fields(4) * PB10, "#0.00"): BPROF = Format(rs2.Fields(5) * PB10, 
"#0.00") 
             
            If rs3.State = 1 Then rs3.Close 
            rs3.Open "UPDATE TEMPB SET AREA='" & PB10 & "', CULTI='" & BCULTI 
& "',YIELD='" & BYIELD & "',MPRICE='" & BMP & "',MINC='" & BMINC & "',BINC='" & 
BBINC & "',TINC='" & BTINC & "',PROFIT='" & BPROF & "' WHERE CID=" & BUCID, 
con, adOpenDynamic, adLockOptimistic 
             
            rs4.MoveNext 
        Wend 
    Else 
        bx = True 
        MsgBox "Plz Select Crops B'tween 3 to 5.", vbInformation, "Winter Crops" 
    End If 
End If 
 
If Val(txtc.Text) > 0 Then 
    If lstzaid.SelCount > 0 Then 
        With lstzaid 
            For intZ = 0 To .ListCount - 1 
                If .Selected(intZ) Then 
                    CNUM = intZ + 1 
                    CTXT = lstzaid.List(intZ) 
                    If rs2.State = 1 Then rs2.Close 
                    rs2.Open "insert into tempc(sid,cid,cname) values ('" & "C" & "','" & 
CNUM & "','" & CTXT & "')", con, adOpenDynamic, adLockOptimistic 
                End If 
            Next 
        End With 
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        CCNT = lstzaid.SelCount 
        PC10 = Format(Val(txtc.Text) * 10 / 100, "#0.00") 
        PCM = Format(Val(txtc.Text) - ((CCNT - 1) * PC10), "#0.00") 
 
        SQL3 = "SELECT 
CT.SID,CT.CID,CT.CULTI,CT.YIELD,CT.MINCOME,CT.BINCOME,CT.TINCOME,C
T.PROFIT FROM Ctable AS CT INNER JOIN [SELECT MAX(CB.PROFIT) AS MP 
FROM Ctable AS CB, TEMPC AS TA WHERE (CB.CID=TA.CID) AND 
(CB.SID=TA.SID)]. AS ABC ON CT.PROFIT = ABC.MP" 
        If rs3.State = 1 Then rs3.Close 
        rs3.Open SQL3, con, adOpenDynamic, adLockOptimistic 
 
        CSID = rs3.Fields(0): CCID = rs3.Fields(1): CCULTI = Format(rs3.Fields(2) * 
PCM, "#0.00"): CYIELD = Format(rs3.Fields(3) * PCM, "#0.00") 
        CMP = Format(rs3.Fields(4), "#0.0"): CMINC = Format(CYIELD * CMP, 
"#0.00"): CBINC = Format(rs3.Fields(5) * PCM, "#0.00"): CTINC = 
Format(rs3.Fields(6) * PCM, "#0.00") 
        CPROF = Format(rs3.Fields(7) * PCM, "#0.00") 
         
        If rs2.State = 1 Then rs2.Close 
        rs2.Open "UPDATE TEMPC SET AREA='" & PCM & "', CULTI='" & CCULTI & 
"',YIELD='" & CYIELD & "',MPRICE='" & CMP & "',MINC='" & CMINC & "',BINC='" & 
CBINC & "',TINC='" & CTINC & "',PROFIT='" & CPROF & "' WHERE CID=" & CCID, 
con, adOpenDynamic, adLockOptimistic 
         
        If rs4.State = 1 Then rs4.Close 
        rs4.Open "SELECT SID, CID FROM TEMPC WHERE CID<>" & CCID, con, 
adOpenDynamic, adLockOptimistic 
        While rs4.EOF = False 
            CUSID = rs4.Fields(0): CUCID = rs4.Fields(1) 
             
            If rs2.State = 1 Then rs2.Close 
            rs2.Open "SELECT CULTI,YIELD,MINCOME,BINCOME,TINCOME,PROFIT 
FROM CTABLE WHERE SID='" & CUSID & "' AND CID=" & CUCID, con, 
adOpenDynamic, adLockOptimistic 
             
            CCULTI = Format(rs2.Fields(0) * PC10, "#0.00"): CYIELD = 
Format(rs2.Fields(1) * PC10, "#0.00"): 
            CMP = Format(rs2.Fields(2), "#0.0"): CMINC = Format(CYIELD * CMP, 
"#0.00") 
            CBINC = Format(rs2.Fields(3) * PC10, "#0.00"): CTINC = 
Format(rs2.Fields(4) * PC10, "#0.00"): CPROF = Format(rs2.Fields(5) * PC10, 
"#0.00") 
             
            If rs3.State = 1 Then rs3.Close 
            rs3.Open "UPDATE TEMPC SET AREA='" & PC10 & "', CULTI='" & CCULTI 
& "',YIELD='" & CYIELD & "',MPRICE='" & CMP & "',MINC='" & CMINC & "',BINC='" 
& CBINC & "',TINC='" & CTINC & "',PROFIT='" & CPROF & "' WHERE CID=" & 
CUCID, con, adOpenDynamic, adLockOptimistic 
             
            rs.MoveNext 
        Wend 
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    Else 
        cx = True 
        MsgBox "Plz Select Crops more then One (1).", vbInformation, "Zaid Crops" 
         
    End If 
End If 
 
If ax = True Or bx = True Or cx = True Then 
    If rs5.State = 1 Then rs5.Close 
    rs5.Open "DELETE * FROM TEMPA", con, adOpenDynamic, adLockOptimistic 
    If rs5.State = 1 Then rs5.Close 
    rs5.Open "DELETE * FROM TEMPB", con, adOpenDynamic, adLockOptimistic 
    If rs5.State = 1 Then rs5.Close 
    rs5.Open "DELETE * FROM TEMPC", con, adOpenDynamic, adLockOptimistic 
    If rs5.State = 1 Then rs5.Close 
    rs5.Open "DELETE * FROM TEMPRPT", con, adOpenDynamic, adLockOptimistic 
    ax = False: bx = False: cx = False 
Else 
    Call RPT 
End If 
End Sub 
 
Private Sub RPT() 
    If rs1.State = 1 Then rs1.Close 
    rs1.Open "SELECT COUNT(*) FROM TEMPA", con, adOpenDynamic, 
adLockOptimistic 
    If rs1.Fields(0) > 0 Then 
        If rs2.State = 1 Then rs2.Close 
        rs2.Open "INSERT INTO TEMPRPT SELECT * FROM TEMPA order by 
sid,cid", con, adOpenDynamic, adLockOptimistic 
    End If 
     
    If rs1.State = 1 Then rs1.Close 
    rs1.Open "SELECT COUNT(*) FROM TEMPB", con, adOpenDynamic, 
adLockOptimistic 
    If rs1.Fields(0) > 0 Then 
        If rs2.State = 1 Then rs2.Close 
        rs2.Open "INSERT INTO TEMPRPT SELECT * FROM TEMPB order by 
sid,cid", con, adOpenDynamic, adLockOptimistic 
    End If 
     
    If rs1.State = 1 Then rs1.Close 
    rs1.Open "SELECT COUNT(*) FROM TEMPC", con, adOpenDynamic, 
adLockOptimistic 
    If rs1.Fields(0) > 0 Then 
        If rs2.State = 1 Then rs2.Close 
        rs2.Open "INSERT INTO TEMPRPT SELECT * FROM TEMPC order by 
sid,cid", con, adOpenDynamic, adLockOptimistic 
    End If 
 
    If rs1.State = 1 Then rs1.Close 
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    rs1.Open "SELECT COUNT(*) FROM TEMPRPT", con, adOpenDynamic, 
adLockOptimistic 
    If rs1.Fields(0) > 0 Then 
        Call REPO 
    End If 
     
End Sub 
 
Private Sub REPO()   
With CRPT 
        .DiscardSavedData = True 
        .ReportTitle = "Name of Farmer : " & txtname.Text & "              Village : " & 
txtaddress.Text 
        .WindowTitle = "MAXIMUM PROFIT STATEMENT" 
        .DataFiles(0) = App.Path & "\crops.mdb" 
        .ReportFileName = App.Path & "\Creport.rpt" 
        .Destination = crptToWindow 
        .WindowState = crptMaximized 
        .Action = 1 
End With 
    Screen.MousePointer = vbDefault 
End Sub 
 
Private Sub Form_Load()  
If con.State = 1 Then con.Close 
con.ConnectionString = "Provider=Microsoft.Jet.OLEDB.4.0;Data Source=" & 
App.Path & "\crops.mdb" 
con.Open 
con.CursorLocation = adUseClient 
 
txta.Text = 0 
txtb.Text = 0 
txtc.Text = 0 
 
Call connection 
Call monsoon 
Call winter 
Call zaid 
 
End Sub 
 
Private Sub cmdclear_Click()  
Dim ANS As Integer 
 
ANS = MsgBox("Want to Change Farmer Detail ?", vbYesNo, "Crops") 
If ANS = 6 Then 
    txtname.Text = "" 
    txtaddress.Text = "" 
    txta.Text = 0 
    txtb.Text = 0 
    txtc.Text = 0 
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        With lstmons 
            For intX = 0 To .ListCount - 1 
                .Selected(intX) = False 
            Next 
        End With 
     
        With lstwint 
            For intY = 0 To .ListCount - 1 
                .Selected(intY) = False 
            Next 
        End With 
     
        With lstzaid 
            For intZ = 0 To .ListCount - 1 
                .Selected(intZ) = False 
            Next 
        End With 
    txtname.SetFocus 
Else 
 
End If 
 
If rs5.State = 1 Then rs5.Close 
rs5.Open "DELETE * FROM TEMPA", con, adOpenDynamic, adLockOptimistic 
If rs5.State = 1 Then rs5.Close 
rs5.Open "DELETE * FROM TEMPB", con, adOpenDynamic, adLockOptimistic 
If rs5.State = 1 Then rs5.Close 
rs5.Open "DELETE * FROM TEMPC", con, adOpenDynamic, adLockOptimistic 
If rs5.State = 1 Then rs5.Close 
rs5.Open "DELETE * FROM TEMPRPT", con, adOpenDynamic, adLockOptimistic 
 
End Sub 
 
Private Sub cmdclose_Click() * To Exit from Main form * 
End 
End Sub 
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DATABASE FORM 
 
 
 
Dim sel As Integer 
Dim con1 As New ADODB.Connection 
Dim rsd1 As New ADODB.Recordset 
Dim rsd2 As New ADODB.Recordset 
Dim rsd3 As New ADODB.Recordset 
Dim rsd4 As New ADODB.Recordset 
Dim rsd5 As New ADODB.Recordset 
 
Private Sub BIND()   
If rsd1.State = 1 Then rsd1.Close 
rsd1.Open "SELECT ct.srno, left(st.SNAME,13) AS SNM, ct.CNAME, ct.CULTI, 
ct.YIELD, ct.MINCOME, ct.BINCOME, ct.TINCOME, ct.PROFIT FROM Ctable AS ct 
INNER JOIN Stable AS st ON ct.SID=st.SID", con1, adOpenDynamic, 
adLockOptimistic 
Set MSHFlexGrid1.DataSource = rsd1 
Call mshheader 
End Sub 
 
Private Sub cmdclose_Click()  
Unload Me 
End Sub 
 
Private Sub cmdcancel_Click()  
MSHFlexGrid1.Height = 6855 
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FMUPD.Visible = False 
End Sub 
 
Private Sub MSHFlexGrid1_Click()  
On Error GoTo ER_HAN 
MSHFlexGrid1.Height = 6855 
FMUPD.Visible = False 
 
sel = Me.MSHFlexGrid1.Object 
If rsd3.State = 1 Then rsd3.Close 
rsd3.Open "SELECT ct.srno, left(st.SNAME,13) AS SNM, ct.CNAME, ct.CULTI, 
ct.YIELD, ct.MINCOME, ct.BINCOME, ct.TINCOME, ct.PROFIT FROM Ctable AS ct 
INNER JOIN Stable AS st ON ct.SID=st.SID where ct.srno=" & sel, con1, 
adOpenDynamic, adLockOptimistic 
lblsrno.Caption = rsd3.Fields(0) 
lblesname.Caption = rsd3.Fields(1) 
txtecname.Text = rsd3.Fields(2) 
txteculti.Text = rsd3.Fields(3) 
txteyield.Text = rsd3.Fields(4) 
txtemain.Text = rsd3.Fields(5) 
txteby.Text = rsd3.Fields(6) 
lbletotal.Caption = rsd3.Fields(7) 
lbleprofit.Caption = rsd3.Fields(8) 
 
ER_HAN: 
If Err.Number = 13 Then 
    lblsrno.Caption = "" 
End If 
End Sub 
 
Private Sub cmdupdate_Click()  
    If rsd4.State = 1 Then rsd4.Close 
    rsd4.Open "update ctable set cname='" & txtecname.Text & "',culti='" & 
txteculti.Text & "',yield='" & txteyield.Text & "',mincome='" & txtemain.Text & 
"',bincome='" & txteby.Text & "',tincome='" & lbletotal.Caption & "',profit='" & 
lbleprofit.Caption & "' where SRNO=" & lblsrno.Caption, con1, adOpenDynamic, 
adLockOptimistic 
    MsgBox "Record is UPDATED", vbOKOnly, "UPDATED CROP" 
    Call BIND 
    Call MSHFlexGrid1_Click 
End Sub 
 
Private Sub  cmddelete_Click()  
If lblsrno.Caption <> "" Then 
    ANS = MsgBox("ARE YOU SURE TO DELETE : " & lblesname.Caption & " : " & 
txtecname.Text & " ?", vbYesNo, "DELETE CROP") 
    If ANS = 6 Then 
        If rsd4.State = 1 Then rsd4.Close 
        rsd4.Open "delete * from ctable where srno=" & sel, con1, adOpenDynamic, 
adLockOptimistic 
     
        MsgBox "Record is Deleted", vbOKOnly, "DELETED CROP" 
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        Call BIND 
        Call MSHFlexGrid1_Click 
    End If 
End If 
End Sub 
 
Private Sub echange() 
lbletotal.Caption = Format((Val(txteyield.Text) * Val(txtemain.Text)) + 
Val(txteby.Text), "#0") 
lbleprofit.Caption = Format(Val(lbletotal.Caption) - Val(txteculti.Text), "#0") 
End Sub 
 
Private Sub Form_Load() 
If con1.State = 1 Then con1.Close 
con1.ConnectionString = "Provider=Microsoft.Jet.OLEDB.4.0;Data Source=" & 
App.Path & "\crops.mdb" 
con1.Open 
con1.CursorLocation = adUseClient 
FMUPD.Visible = False 
Call BIND 
Call WheelHook(Me.hWnd) 
Call MSHFlexGrid1_Click 
End Sub 
  
Private Sub Form_Unload(Cancel As Integer) 
    Call WheelUnHook(Me.hWnd) 
End Sub 
 
Public Sub MouseWheel(ByVal MouseKeys As Long, ByVal Rotation As Long, ByVal 
Xpos As Long, ByVal Ypos As Long) 
  Dim ctl As Control 
  For Each ctl In Me.Controls 
    If TypeOf ctl Is MSHFlexGrid Then 
      If IsOver(ctl.hWnd, Xpos, Ypos) Then FlexGridScroll ctl, MouseKeys, Rotation, 
Xpos, Ypos 
    End If 
  Next ctl 
End Sub 
 
Private Sub mshheader() 
Dim X As Long 
 
MSHFlexGrid1.ForeColorFixed = vbBlue 
MSHFlexGrid1.Font.Size = 10 
MSHFlexGrid1.RowHeight(0) = 800 
 
MSHFlexGrid1.ColWidth(0, 0) = 600 
MSHFlexGrid1.ColWidth(1, 0) = 1700 
MSHFlexGrid1.ColWidth(2, 0) = 1700 
MSHFlexGrid1.ColWidth(3, 0) = 1700 
MSHFlexGrid1.ColWidth(4, 0) = 1000 
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MSHFlexGrid1.ColWidth(5, 0) = 1300 
MSHFlexGrid1.ColWidth(6, 0) = 1300 
MSHFlexGrid1.ColWidth(7, 0) = 1100 
MSHFlexGrid1.ColWidth(8, 0) = 1100 
 
MSHFlexGrid1.TextMatrix(0, 0) = "SR NO" 
MSHFlexGrid1.TextMatrix(0, 1) = "SEASON NAME" 
MSHFlexGrid1.TextMatrix(0, 2) = "CROP NAME" 
MSHFlexGrid1.TextMatrix(0, 3) = "TOTAL COST OF CULTIVATION" 
MSHFlexGrid1.TextMatrix(0, 4) = "YIELD" 
MSHFlexGrid1.TextMatrix(0, 5) = "MAIN PRODUCT INCOME" 
MSHFlexGrid1.TextMatrix(0, 6) = "BY PRODUCT INCOME" 
MSHFlexGrid1.TextMatrix(0, 7) = "TOTAL INCOME" 
MSHFlexGrid1.TextMatrix(0, 8) = "PROFIT" 
 
With MSHFlexGrid1 
    For X = .FixedRows To .Rows - 1 
    .TextMatrix(X, 4) = Format(.TextMatrix(X, 4), "#0.00") 
    .TextMatrix(X, 5) = Format(.TextMatrix(X, 5), "#0.00") 
    Next X 
End With 
End Sub 
 
Private Sub MSHFlexGrid1_DblClick() 
MSHFlexGrid1.Height = 5175 
FMUPD.Visible = True 
End Sub 
 
Private Sub txteby_Change() 
Call echange 
End Sub 
 
Private Sub txteculti_Change() 
Call echange 
End Sub 
 
Private Sub txtemain_Change() 
Call echange 
End Sub 
 
Private Sub txteyield_Change() 
Call echange 
End 
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4.3 Validation of the ICT based Optimization Model 
It is necessary to validate the ICT developed for its reliability. For the 
validation of the ICT, it was considered the data shown in Table 3.4 of 
Chapter 3.  Suppose a farmer will select crop to be grown under 100 ha area 
for each season as A1, A2, A3, A4 and A5 for Kharif season; B1, B2, B3 and 
B4 crop in Rabi season while C1, C2 and C3 crop in Zaid season; the ICT 
automatically maximize the profit under applied constraint and allocate the 
respective grown area to each crop.  For the validation of these output data of 
ICT, the LP model formulated as in Chapter 3.5 was used to solve the same 
problem manually by various Simplex methods.  The results of the LP model 
solution and the ICT were compared. We found that it was identical for both 
the method, then it has been proved that the ICT shows validated results.  
4.4 Application of the ICT based Optimization Model 
After primary selection of crops per season by user, the ICT developed 
has been shown that the output data as area to be allocated to each crop and 
total profit per season as well as per year. If the user was not satisfied with 
the profit, they will again select other crops and the ICT will represent the total 
profit per season as well as per year. By this way, the user / farmer will predict 
that from which crops and under how much land; they were able to maximize 
the profit from agriculture.  
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CHAPTER – V 
RESULTS AND DISCUSSION 
5.1 Introduction 
The Gujarat state was selected as the project area for the present 
research. It is one of the most prosperous states of India owing to its 
development in agricultural productivity and industrialization. Agriculture forms 
a major part of the state’s economy. It not only provides food grains to the 
people but also provides raw materials for agro- based industries. 
5.2  Land and Crops 
Land  
The state occupies approximately 99.00 lakh ha. area under cultivation. 
It was revealed from Appendix – I that marginal land holders ( 0.5 to 1.00 ha) 
occupied 5.62 lakh ha (5.67 per cent) where as the small holders (1.00 to 2.00 
ha), semi medium (2.00 to 4.00 ha), medium (4.00 to 10.00 ha) and large 
holders (more than 10 ha) occupied 15.51 lakh ha (15.66 per cent), 27.09 
(27.36 per cent), 37.34  lakh ha (37.31 per cent ) and 13.46 lakh ha (13.50 per 
cent) respectively. It was found that major share of land holdings was in range 
of medium size category. It was found that about 37 percent i.e one third of 
state’s farmers were holding land in the range to 4 to 10 ha. Suppose a farmer 
had 10 ha land and it could be possible to select any crop from the Table 3.1 
with assumptions that all the factors affects the agriculture like soil, climate, 
rainfall, irrigation facility are most favorable to the crops selected. Then, by 
selecting the maximum profit earning seasonal (four month) crop in each 
season for 10 ha land i.e. Groundnut (kharif), Cumin (Rabi) and Paddy (Zaid), 
he would be able to earn profit of Rs. 186580 from Groundnut, Rs. 379850 
from Cumin and Rs. 396250 from Paddy i.e. total profit of Rs. 962680 per 
year from that 10 ha land. The amount seems to be quite good to fulfill his 
financial needs.  
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Crops  
The state was engaged in cultivating the crops shown in Table 3.1. It 
was found that the state had higher productivity than the national productivity 
in the crops like Jowar (10.1 qt/ha), Gram (8.8 qt/ha), Groundnut (22.4 
thousand nut/ha) and Castor (18.6 qt/ha). The major horticultural crops grown 
in the state were mango, banana, sapota, lime, guava, tomato, potato, onion, 
cumin, garlic and fennel. It had highest productivity in guava, potato, onion, 
cumin and fennel, while third highest productivity in banana and isabgul in the 
country.  
5.3 Crops under Study 
 The crops under study were selected as twelve, twenty and three crops 
under kharif, rabi and zaid season respectively. The Cotton (MS) and Cotton 
(LS) are long duration (7 to 8 month) kharif crops while Pigeon pea (5 to 6 
month), Castor (6 to 8 month), Banana (24 month), Sugarcane and Tobacco 
(12 months) were also long duration rabi crops. So when these crops were 
selected for the particular season, the farmer had to leave enough land for 
that crop in the succeeding season’s land area to be allocated to the ICT.  
5.4 Cost of Production and Returns from the Crop 
The primary data in a form of structured questionnaire was collected by 
divided the state into four zones according to the area of State Agricultural 
Universities for the year 2007-08. The number of taluka was predetermined 
keeping in view, the availability of resources and gross cropped area in the 
districts. The data of ten farmers from three villages were selected at random 
from each of the selected taluka. The secondary data were collected from 
various Govt. departments. During the imputation procedure for input costs, 
the value of purchased input was taken into account as reported by the 
farmers with due verification. The apportionment of total cost of cultivation 
between the main product and the by-product was done in proportion to their 
contribution to the total value of output. The cost concepts were applied as 
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described in Table 3.2. The data collected were statistically analyzed and 
thereby prepared Table 3.3 showing the details of costs of each crop selected 
under study per hectare in the state.  
In general, the farmers were considered only the amount which they 
had paid against different activities of crop cultivation as cost of cultivation for 
calculation of profit and they did not considered the rental value of their own 
land, interest on value of their owned fixed capital assets, their family member 
labor and managerial cost in the cost of cultivation. Considering this concept, 
Cost A was taken in to account for profit calculation in Table 3.3. But if one 
had to consider the agriculture as an industry than other costs like Cost B, 
Cost C1 and Cost C2 also must be taken into consideration as needed for the 
profit calculation.  
It was also revealed from the Table 3.3 that among all the kharif crops; 
Jowar, Maize, Green gram and Black gram were rain fed crops and not 
required irrigation thereby in their cost of cultivation, the irrigation cost was 
taken as zero. The kharif crops like Sesamum (Rs. 15 per ha), Cluster bean 
(Rs 14 per ha) and Bajra (Rs. 4 per ha) required very less supplement 
irrigation, but other remaining kharif crops had considerable high irrigation 
cost. The rabi crops except Wheat (unir) and Jowar, all the other crops and all 
the zaid crops were needed large amount of irrigation. Except the Cow pea 
crop, all the crops under study were needed to apply chemical fertilizer. The 
prevailing market rate of the main product was somewhat high due to addition 
of brokerage of marketing yard, profit of wholesalers, farm product processing 
charge, transport cost etc. But the farmers could get the FHP; which was less 
compared to the market price. It was found that among the kharif crops, 
except Sesamum crop all the crops had income from by-product. Among 
twenty rabi crops and three summer crops, except Onion, Garlic, Potato, 
Cumin, Fennel, Banana, Tobacco and Chikory;  all the crops had also income 
from by-product. 
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The economics of all the selected crops were prepared from Table 3.3 
and presented in Table 3.4. It was found that from twelve kharif crops, Cotton 
(Long staple) gave the maximum profit but as it is twelve month crop; the land 
was to be utilized throughout the year for this single crop only and for another 
two season i.e. rabi and summer; no other crop could be cultivated. The 
groundnut gave the second highest profit, Paddy gave third highest profit and 
both the crop was seasonal (four month) crop. Though the paddy required 
highest irrigation but due to the availability of canal water at nominal rate in 
the paddy cultivation area i.e. South and Central Gujarat during the kharif and 
summer season; the irrigation cost was found very less as compared to other 
crops which were cultivated with lift water i.e. from bore or well. In the same 
way, it was also found that out of twenty rabi crops, Banana proved the 
maximum profit earning crop but it is biennial crop, while the Sugarcane 
(Ratoon) was the second highest profit and Tobacco (Culcutti) was the third 
highest profit giving crop but both the crops were annual crops. In the summer 
season, Paddy was the maximum profit earning crops but it could be 
cultivated if the adequate irrigation facility was available.   
5.5 ICT based Optimization Model 
The ICT based optimization model was very useful to solve farmers 
query by taking necessary inputs like the name of famer, village name, 
available area for each season, minimum three and maximum five crops 
selection for kharif and rabi season;  minimum zero and maximum three crops 
selection for zaid season, if the irrigation was available. After proper data 
feeding to the ICT as shown in flow chart as in Fig. 5.1, when the SHOW 
button was selected than another window was displayed showing the 
allocation of cultivation area to each crop with total cost of cultivation, total 
yield, main product price and income, by-product income, total income and 
the profit per crop as well as season wise also (Fig.5.2).  The ICT was 
accommodated with the facility to change/ update the base data by selecting 
the DATABASE button as illustrated in flow chart as in Fig. 5.3. This facility 
was very useful to modify the database of ICT for applying recent year cost of 
Results and Discussion 
 
Some Contribution of Operations Research in Profitable Farm Management 65 
 
cultivation, yield, main product price, by-product income, total income and 
thereby profit per ha of any of the crop under study (Fig.5.4). 
 
 
 
 
 
 
 
 
Fig. 5.1 Flow chart of ICT Application 
 
Fig. 5.2 Result by ICT  
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Fig. 5.3 Flow Chart of Data Base updating  
Results and Discussion 
 
Some Contribution of Operations Research in Profitable Farm Management 67 
 
 
(a) 
 
(b) 
Fig. 5.4 Updating of ICT Database  
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5.6 Validation of the ICT based Optimization Model  
 The validation of the ICT based optimization model was done by 
solving the same problem manually by various Simplex methods like Big M 
(Penalty), Dual and Two Phase simplex method (Sharma, 2006).  
Big M (Penalty) Simplex method 
It is the method of removing artificial variables from the basis. In this 
method, it assign coefficients to artificial variables, undesirable from the 
objective function point of view. If objective function Z is to be minimized, then 
a very large positive price (called penalty) is assigned to each artificial 
variable. Similarly, if Z is to be maximized, then a very large negative price 
(also called penalty) is assigned to each of these variables. The penalty will 
be designated by –M for a maximization problem and +M for a minimization 
problem, where M>0. 
Dual Simplex method 
In the LP problem, duality implies that each LP problem can be 
analyzed in two different ways but having equivalent solutions. Each LP 
problem (both maximization and minimization) stated in its original form has 
associated with another LP problem (called dual linear programming problem 
or in short dual), which is unique, based on the same data. In general, it is 
immaterial which of the two problem is called primal or dual, since the dual of 
the dual is primal.  
Two Phase Simplex method 
In the first phase of this method, the sum of the artificial variables is 
minimized subject to the given constraints to get a basic feasible solution of 
the LP problem. The second phase minimizes the original objectives function 
staring with the basic feasible solution obtained at the end of the first phase. 
Since the solution of the LP problem is completed in two phase, this is called 
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the “Two Phase method”. The advantages of this methods are such as no 
assumptions on the original systems of constraints are made, i.e. the system 
may be redundant, inconsistent or not solvable in non-negative numbers; it is 
easy to obtain an initial basic feasible solution of phase I and the basic 
feasible solution (if it exists) obtained at the end of the phase I is used to start 
phase II.  
5.6.1 Five crops per season 
Suppose a ABC farmer (Village: XYZ) wanted to select the crops to be 
grown under 100 ha area for the Kharif season from the Table 3.4 as 
A1(Jowar), A2 (Maize), A3 (Sesamum), A4 (Green gram) and A5 (Black 
gram).  
5.6.1.1 Results from developed ICT  
 The five crop selection and available land for the Kharif season was 
used as input to the ICT and it showed the result as shown in Fig. 5.5 
 
Fig. 5.5 Result of five crops selection by ICT 
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5.6.1.2 Results from LP model 
Now for the validation of that result obtained from ICT as in Fig. 5.5, 
the same crop selection was applied to the LP model as described in eq. 3.1 
with the constraints as eq. 3.2 to 3.7 and solved by Big M (Penalty), Dual and 
Two Phase Simplex method as followed considering the profit of each crop 
selected as below. 
 
 
 
 
 
 
 
 
The terminology used in LPP solution by the various Simplex method 
are presented as shown in following format. 
 
 BV = Basic Variables 
MR = Minimum Ratio 
+ S = Slack / Surplus variables 
Cj = Contribution per unit 
Cj – Zj = Net contribution per unit 
SV = Solution Values 
M = Very large value of coefficient of artificial variable 
Sr. No. Crops Profit (Rs/ha) 
A11 Jowar  10940 
A12 Maize 6241 
A13 Sesamum 6054 
A14 Green gram 6138 
A15 Black gram 4222 
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A = Artificial variables 
Zj = Total contribution of outgoing profit 
 
Problem Statement: 
Suppose a farmer wants to grow Jowar, Maize, Sesamum, Green gram and 
Black gram crops in the Kharif season. Profit in Rs. per ha from each crop are 
10940, 6241, 6054, 6138 and 4222 respectively. The farmer has available 
land as 100 ha and he wants to allocate at least 10 % of land for each crop. 
This statement has been made from Table 3.4. 
 
Mathematical Formulation of LPP:  
 
Max Z = 10940 A11 + 6241 A12 + 6054 A13 + 6138 A14 + 4222 A15 
           = 10940 X1 + 6241 X2 + 6054 X3 + 6138 X4 + 4222 X5 
 
Subject to the constraints:  
X1 + X2 + X3 + X4 + X5 < 100 
X1 > 10  
X2 > 10  
X3 > 10  
X4 > 10  
X5 > 10  
X1, X2, X3, X4, X5 > 0 
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5.6.1.2.1 Solution by Big M (Penalty) Simplex Method 
For converting inequality to equality, we have to add slack variable S1 in first constraint, subtract surplus variable S2 and add 
artificial variable A1 in second constraint, subtract surplus variable S3 and add artificial variable A2 in third constraint, subtract 
surplus variable S4 and add artificial variable A3 in fourth constraint, subtract surplus variable S5 and add artificial variable A4 in fifth 
constraint; and subtract surplus variable S6 and add artificial variable A5 in sixth constraint  i.e.  
X1 + X2 + X3 + X4 + X5 + S1 = 100   
X1 – S2 + A1 = 10  
X2 – S3 + A2 = 10  
X3 – S4 + A3 = 10  
X4 – S5 + A4 = 10 
X5 – S6 + A5 = 10  
Now,  
Number of variables = n = 16 and  
Number of constraints = m = 6  
Therefore,  
n – m = 10  
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so that we have to set 10 variables at Zero level. Let, X1 = X2 = X3 = X4 = X5 = S2 = S3 = S4 = S5 = S6 = 0  
Therefore,  
S1=100  
A1=10  
A2=10 
A3=10 
A4=10 
A5=10 
First Simplex Tableau  
  Cj 10940 6241 6054 6138 4222 0 0 -M 0 -M 0 -M 0 -M 0 -M  
 BV SV X1 X2 X3 X4 X5 S1 S2 A1 S3 A2 S4 A3 S5 A4 S6 A5 MR 
0 S1 100 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 100 
-M A1 10 1 0 0 0 0 0 -1 1 0 0 0 0 0 0 0 0 10 
-M A2 10 0 1 0 0 0 0 0 0 -1 1 0 0 0 0 0 0  
-M A3 10 0 0 1 0 0 0 0 0 0 0 -1 1 0 0 0 0  
-M A4 10 0 0 0 1 0 0 0 0 0 0 0 0 -1 1 0 0  
-M A5 10 0 0 0 0 1 0 0 0 0 0 0 0 0 0 -1 1  
 Zj -50M -M -M -M -M -M 0 M -M M -M M -M M -M M -M  
 Cj-Zj 10940 + M 6241 + M 6054 +M 6138 +M 4222 +M 0 -M 0 -M 0 -M 0 -M 0 -M 0  
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As the presence of the +ve value in Index Row Cj – Zj, it shows that the solution is not optimum. Now replace A1 by X1, hence the 
Second Simplex Tableau 
  Cj 10940 6241 6054 6138 4222 0 0 -M 0 -M 0 -M 0 -M 0 -M  
 BV SV X1 X2 X3 X4 X5 S1 S2 A1 S3 A2 S4 A3 S5 A4 S6 A5 R 
0 S1 90 0 1 1 1 1 1 1 -1 0 0 0 0 0 0 0 0 90 
10940 X1 10 1 0 0 0 0 0 -1 1 0 0 0 0 0 0 0 0  
-M A2 10 0 1 0 0 0 0 0 0 -1 1 0 0 0 0 0 0 10 
-M A3 10 0 0 1 0 0 0 0 0 0 0 -1 1 0 0 0 0  
-M A4 10 0 0 0 1 0 0 0 0 0 0 0 0 -1 1 0 0  
-M A5 10 0 0 0 0 1 0 0 0 0 0 0 0 0 0 -1 1  
 Zj 10940 -40M 10940 -M -M -M -M 0 -10940 10940 M -M M -M M -M M -M  
  Cj-Zj 0 6241 + M 6054 +M 6138 +M 4222 +M 0 10940 -10940-M -M 0 -M 0 -M 0 -M 0  
 
Here, presence of the +ve value in Index Row Cj – Zj, so again Replace X2 by A2, so that the Third Simplex Tableau as 
  Cj 10940 6241 6054 6138 4222 0 0 -M 0 -M 0 -M 0 -M 0 -M  
 BV SV X1 X2 X3 X4 X5 S1 S2 A1 S3 A2 S4 A3 S5 A4 S6 A5 R 
0 S1 80 0 0 1 1 1 1 1 -1 0 0 0 0 0 0 1 -1 80 
10940 X1 10 1 0 0 0 0 0 -1 1 0 0 0 0 0 0 0 0  
6241 X2 10 0 1 0 0 0 0 0 0 -1 1 0 0 0 0 0 0  
-M A3 10 0 0 1 0 0 0 0 0 0 0 -1 1 0 0 0 0  
-M A4 10 0 0 0 1 0 0 0 0 0 0 0 0 -1 1 0 0 10 
-M A5 10 0 0 0 0 1 0 0 0 0 0 0 0 0 0 -1 1  
 Zj 171810-30M 10940 6241 -M -M -M 0 -10940 10940 -6241 6241 M -M M -M M -M  
  Cj-Zj 0 0 6054 +M 6138 +M 4222+M 0 10940 -10940-M 6241 -6241+M -M 0 -M 0 -M 0  
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Again here the presence of the +ve value in Index Row Cj – Zj, so replace A4 by X4,  therefore  the Fourth Simplex Tableau as 
  Cj 10940 6241 6054 6138 4222 0 0 -M 0 -M 0 -M 0 -M 0 -M  
 BV SV X1 X2 X3 X4 X5 S1 S2 A1 S3 A2 S4 A3 S5 A4 S6 A5 R 
0 S1 70 0 0 1 0 1 1 1 -1 1 -1 0 0 1 -1 0 0 70 
10940 X1 10 1 0 0 0 0 0 -1 1 0 0 0 0 0 0 0 0  
6241 X2 10 0 1 0 0 0 0 0 0 -1 1 0 0 0 0 0 0  
-M A3 10 0 0 1 0 0 0 0 0 0 0 -1 1 0 0 0 0 10 
6138 X4 10 0 0 0 1 0 0 0 0 0 0 0 0 -1 1 0 0  
-M A5 10 0 0 0 0 1 0 0 0 0 0 0 0 0 0 -1 1  
 Zj 233190-20M 10940 6241 -M 6138 -M 0 -10940 10940 -6241 6241 M -M -6138 6138 M -M  
  Cj-Zj 0 0 6054 +M 0 4222+M 0 10940 -M-10940 6241 -M-6241 -M 0 6138 -6138  
-M 
-M 0  
 
Here presence of the +ve value in Index Row Cj – Zj, therefore, replace A3 by X3, thereby the Fifth Simplex Tableau as 
  Cj 10940 6241 6054 6138 4222 0 0 -M 0 -M 0 -M 0 -M 0 -M  
 BV SV X1 X2 X3 X4 X5 S1 S2 A1 S3 A2 S4 A3 S5 A4 S6 A5 R 
0 S1 60 0 0 0 0 1 1 1 -1 1 -1 1 -1 1 -1 0 0 60 
10940 X1 10 1 0 0 0 0 0 -1 1 0 0 0 0 0 0 0 0  
6241 X2 10 0 1 0 0 0 0 0 0 -1 1 0 0 0 0 0 0  
6054 X3 10 0 0 1 0 0 0 0 0 0 0 -1 1 0 0 0 0  
6138 X4 10 0 0 0 1 0 0 0 0 0 0 0 0 -1 1 0 0  
-M A5 10 0 0 0 0 1 0 0 0 0 0 0 0 0 0 -1 1 10 
 Zj 293730-10M 10940 6241 6054 6138 -M 0 -10940 10940 -6241 6241 M 6054 -6138 6138 M -M  
  Cj-Zj 0 0 0 0 4222+M 0 10940 -10940-M 6241 -6241  -
M 
-M 6054 
-M 
6138 -6138  
-M 
-M 0  
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Now presence of the +ve value in Index Row Cj – Zj again, so that replace A5 by X5 and  thereby the Sixth Simplex Tableau as 
  Cj 10940 6241 6054 6138 4222 0 0 -M 0 -M 0 -M 0 -M 0 -M  
 BV SV X1 X2 X3 X4 X5 S1 S2 A1 S3 A2 S4 A3 S5 A4 S6 A5 R 
0 S1 50 0 0 0 0 0 1 1 -1 1 -1 1 -1 1 -1 1 -1 50 
10940 X1 10 1 0 0 0 0 0 -1 1 0 0 0 0 0 0 0 0  
6241 X2 10 0 1 0 0 0 0 0 0 -1 1 0 0 0 0 0 0  
6054 X3 10 0 0 1 0 0 0 0 0 0 0 -1 1 0 0 0 0  
6138 X4 10 0 0 0 1 0 0 0 0 0 0 0 0 -1 1 0 0  
4222 X5 10 0 0 0 0 1 0 0 0 0 0 0 0 0 0 -1 1  
 Zj 335950 10940 6241 6054 6138 4222 0 -10940 10940 -6241 6241 -6054 6054 -6138 6138 -4222 4222  
  Cj-Zj 0 0 0 0 0 0 10940 -10940-M 6241 -6241+M 6054 -6054-M 6138 -6138 
-M 
4222 -4222 
-M 
 
 
As presence of the +ve value in Index Row Cj – Zj, replace S1 by S2, hence the Seventh Simplex Tableau as 
  Cj 10940 6241 6054 6138 4222 0 0 -M 0 -M 0 -M 0 -M 0 -M 
 BV SV X1 X2 X3 X4 X5 S1 S2 A1 S3 A2 S4 A3 S5 A4 S6 A5 
0 S2 50 0 0 0 0 0 1 1 -1 1 -1 1 -1 1 -1 1 -1 
10940 X1 60 1 0 0 0 0 1 0 0 1 -1 1 -1 1 -1 1 -1 
6241 X2 10 0 1 0 0 0 0 0 0 -1 1 0 0 0 0 0 0 
6054 X3 10 0 0 1 0 0 0 0 0 0 0 -1 1 0 0 0 0 
6138 X4 10 0 0 0 1 0 0 0 0 0 0 0 0 -1 1 0 0 
4222 X5 10 0 0 0 0 1 0 0 0 0 0 0 0 0 0 -1 1 
 Zj 882950 10940 6241 6054 6138 4222 10940 0 0 4699 -4699 4886 -4886 4802 -4802 6718 -6718 
  Cj-Zi 0 0 0 0 0 -10940 0 -M -4699 4699-M -4886 4886-M -4802 4802-M -6718 6718-M 
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Decision:  Finally, there is the presence of –ve value in Index Row Cj – Zj of Seventh Simplex Tableau, which shows that the 
solution is optimum. Thus, the optimal solution by Big M (Penalty) Simplex Method is Max Z= 882950 with X1=60, 
X2=10, X3=10, X4=10, and X5=10 
5.6.1.2.2 Solution by Dual Simplex Method 
First of all, convert the problem into Standard Primal as shown below.   
Max Z = 10940 X1 + 6241 X2 + 6054 X3 + 6138 X4 + 4222 X5 
Subject to the constraints:  
X1 + X2 + X3 + X4 + X5  < 100 
-X1 < 10 
-X2 < 10 
-X3 < 10 
-X4 < 10 
-X5 < 10 
X1, X2, X3, X4, X5  > 0  
The dual of given Standard Primal,  
Min Z = 100Y1 – 10Y2 – 10Y3 – 10Y4  – 10Y5 – 10Y6 
Results and Discussion 
 
Some Contribution of Operations Research in Profitable Farm Management  78 
 
Subject to the constraints: 
Y1 – Y2 > 10940 
Y1 – Y3 > 6241 
Y1 – Y4 > 6054 
Y1 – Y5 > 6138 
Y1 – Y6 > 4222 
Y1, Y2, Y3, Y4, Y5, Y6 > 0 
For converting inequality to equality, we have to subtract surplus variable S1 and add artificial variable A1 in first constraint, 
subtract surplus variable S2 and add artificial variable A2 in second constraint, subtract surplus variable S3 and add artificial variable 
A3 in third constraint, subtract surplus variable S4 and add artificial variable A4 in fourth constraint and subtract surplus variable S5 
and add artificial variable A5 in fifth constraint,  
Therefore,  
Min Z = 100Y1 – 10Y2 – 10Y3 – 10Y4 – 10Y5 – 10Y6 – 0S1 + MA1 – 0S2 + MA2 – 0S3 + MA3 – 0S4 + MA4 – 0S5 + MA5 
Subject to the constraints: 
Y1 – Y2 –S1 + A1 = 10940 
Y1 –Y3 – S2 + A2 = 6241 
Y1 –Y4 – S3 + A3 = 6054 
Y1 –Y5– S4 + A4 = 6138 
Y1 –Y6– S5 + A5 = 4222 
Y1, Y2, Y3, Y4, Y5, Y6 > 0 
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Now,  
Number of variables = n = 16 and  
Number of constraints = m = 5  
Therefore, n – m = 11,  
so that we have to set 11 variables at Zero level.  
Let, Y1 = Y2 = Y3 = Y4 = Y5 = Y6 = S1 = S2 = S3 = S4 = S5 = 0  
Therefore, A1=10940, A2=6241, A3=6054, A4=6138, A5=4222 
First Simplex Tableau  
  Cj 100 -10 -10 -10 -10 -10 0 M 0 M 0 M 0 M 0 M  
 BV SV Y1 Y2 Y3 Y4 Y5 Y6 S1 A1 S2 A2 S3 A3 S4 A4 S5 A5 MR 
M A1 10940 1 -1 0 0 0 0 -1 1 0 0 0 0 0 0 0 0 10940 
M A2 6241 1 0 -1 0 0 0 0 0 -1 1 0 0 0 0 0 0 6241 
M A3 6054 1 0 0 -1 0 0 0 0 0 0 -1 1 0 0 0 0 6054 
M A4 6138 1 0 0 0 -1 0 0 0 0 0 0 0 -1 1 0 0 6138 
M A5 4222 1 0 0 0 0 -1 0 0 0 0 0 0 0 0 -1 1 4222 
 Zj 23595M 5M -M -M -M -M -M -M M -M M -M M -M M -M M  
 Cj-Zj 100 - 5M -10 + M -10 + M -10 + M -10 + M -10 + M M 0 M 0 M 0 M 0 M 0  
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As the presence of the -ve value in Index Row Cj – Zj, it shows that the solution is not optimum. Now replace A5 by Y1, hence the 
Second Simplex Tableau 
  Cj 100 -10 -10 -10 -10 -10 0 M 0 M 0 M 0 M 0 M  
 BV SV Y1 Y2 Y3 Y4 Y5 Y6 S1 A1 S2 A2 S3 A3 S4 A4 S5 A5 MR 
M A1 6718 0 -1 0 0 0 1 -1 1 0 0 0 0 0 0 1 -1 6718 
M A2 2019 0 0 -1 0 0 1 0 0 -1 1 0 0 0 0 1 -1 2019 
M A3 1832 0 0 0 -1 0 1 0 0 0 0 -1 1 0 0 1 -1 1832 
M A4 1916 0 0 0 0 -1 1 0 0 0 0 0 0 -1 1 1 -1 1916 
100 Y1 4222 1 0 0 0 0 -1 0 0 0 0 0 0 0 0 -1 1 - 
 Zj 12485M + 
422200 
100 -M -M -M -M -100+4M -M M -M M -M M -M M -100+4M 100-4M  
 Cj-Zj 0 -10+M -10+M -10+M -10+M 90-4M M 0 M 0 M 0 M 0 100-4M -100+5M  
 
Here, presence of the -ve value in Index Row Cj – Zj, so again Replace A3 by Y6, so that the Third Simplex Tableau as 
  Cj 100 -10 -10 -10 -10 -10 0 M 0 M 0 M 0 M 0 M  
 BV SV Y1 Y2 Y3 Y4 Y5 Y6 S1 A1 S2 A2 S3 A3 S4 A4 S5 A5 MR 
M A1 4886 0 -1 0 1 0 0 -1 1 0 0 1 -1 0 0 0 0 4886 
M A2 187 0 0 -1 1 0 0 0 0 -1 1 1 -1 0 0 0 0 187 
-10 Y6 1832 0 0 0 -1 0 1 0 0 0 0 -1 1 0 0 1 -1 - 
M A4 84 0 0 0 1 -1 0 0 0 0 0 1 -1 -1 1 0 0 84 
100 Y1 6054 1 0 0 -1 0 0 0 0 0 0 -1 1 0 0 0 0 - 
 Zj 5157M + 
587080 
100 -M -M -90+3M -M -10 -M M -M M -90+3M 90-3M -M M -10 10  
 Cj-Zj 0 -10+M -10+M 80-3M -10+M 0 M 0 M 0 90-3M -90+4M M 0 10 -10+M  
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Again here the presence of the -ve value in Index Row Cj – Zj, so replace A4 by Y4,  therefore  the Fourth Simplex Tableau as 
  Cj 100 -10 -10 -10 -10 -10 0 M 0 M 0 M 0 M 0 M  
 BV SV Y1 Y2 Y3 Y4 Y5 Y6 S1 A1 S2 A2 S3 A3 S4 A4 S5 A5 MR 
M A1 4802 0 -1 0 0 1 0 -1 1 0 0 0 0 1 -1 0 0 4802 
M A2 103 0 0 -1 0 1 0 0 0 -1 1 0 0 1 -1 0 0 103 
-10 Y6 1916 0 0 0 0 -1 1 0 0 0 0 0 0 -1 1 1 -1 - 
-10 Y4 84 0 0 0 1 -1 0 0 0 0 0 1 -1 -1 1 0 0 - 
100 Y1 6138 1 0 0 0 -1 0 0 0 0 0 0 0 -1 1 0 0 - 
 Zj 4905M + 
593800 
100 -M -M -10 80+2M -10 0 M -M M -10 10 80+2M 80-2M -10 10  
 Cj-Zj 0 -10+M -10+M 0 -90-2M 0 0 0 M 0 10 -10+M -80-2M -80+3M 10 -10+M  
 
Again here the presence of the -ve value in Index Row Cj – Zj, so replace A2 by Y5, therefore the Fifth Simplex Tableau as 
  Cj 100 -10 -10 -10 -10 -10 0 M 0 M 0 M 0 M 0 M  
 BV SV Y1 Y2 Y3 Y4 Y5 Y6 S1 A1 S2 A2 S3 A3 S4 A4 S5 A5 MR 
M A1 4699 0 -1 1 0 0 0 -1 1 1 -1 0 0 0 0 0 0 4699 
-10 Y5 103 0 0 -1 0 1 0 1 0 -1 1 0 0 1 -1 0 0 - 
-10 Y6 2019 0 0 -1 0 0 1 1 0 -1 1 0 0 0 0 1 -1 - 
-10 Y4 187 0 0 -1 1 0 0 1 0 -1 1 1 -1 0 0 0 0 - 
100 Y1 6241 1 0 -1 0 0 0 1 0 -1 1 0 0 0 0 0 0 - 
 Zj 4699M+ 
601010 
100 -M -70+M -10 -10 -10 70-2M M -70+M 70-M -10 10 -10 10 -10 10  
 Cj-Zj 0 -10+M 60-M 0 0 0 -70+2M 0 70-M -70+2M 10 -10+M 10 -10+M 10 -10+M  
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Again here the presence of the -ve value in Index Row Cj – Zj, so replace A1 by Y3, therefore  the Sixth Simplex Tableau as 
  Cj 100 -10 -10 -10 -10 -10 0 M 0 M 0 M 0 M 0 M  
 BV SV Y1 Y2 Y3 Y4 Y5 Y6 S1 A1 S2 A2 S3 A3 S4 A4 S5 A5 MR 
-10 Y3 4699 0 -1 1 0 0 0 -1 1 1 -1 0 0 0 0 0 0 - 
-10 Y5 4802 0 -1 0 0 1 0 -1 1 0 0 0 0 1 -1 0 0 - 
+10 Y6 6718 0 -1 0 0 0 1 -1 1 0 0 0 0 0 0 1 -1 - 
-10 Y4 4886 0 -1 0 1 0 0 -1 1 0 0 1 -1 0 0 0 0 - 
100 Y1 10940 1 -1 0 0 0 0 -1 1 0 0 0 0 0 0 0 0 - 
 Zj 882950 100 -60 -10 -10 -10 -10 -60 60 -10 10 -10 10 -10 10 -10 10  
 Cj-Zj 0 50 0 0 0 0 60 -60+M 10 -10+M 10 -10+M 10 -10+M 10 -10+M  
 
Decision:  Finally, there is the presence of +ve value in Index Row Cj – Zj of Sixth Simplex Tableau,  which shows that the solution 
is optimum. Thus, the optimal solution by Dual Simplex Method is Max Z= 882950 with X1=60, X2=10, X3=10, X4=10, 
and X5=10 
5.6.1.2.3 Solution by Two Phase Simplex Method 
For converting inequality to equality, we have to add slack variable S1 in first constraint, subtract surplus variable S2 and add 
artificial variable A1 in second constraint, subtract surplus variable S3 and add artificial variable A2 in third constraint, subtract 
surplus variable S4 and add artificial variable A3 in fourth constraint, subtract surplus variable S5 and add artificial variable A4 in fifth 
constraint; and subtract surplus variable S6 and add artificial variable A5 in sixth constraint  i.e.  
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The model converted into equality from inequality which is given by  
Max Z = 10940 X1 + 6241 X2 + 6054 X3 + 6138 X4 + 4222 X5+  0S1 – 0S2 + MA1 – 0S3 + MA2 – 0S4 + MA3 – 0S5 + MA4 – 0S6 + MA5 
Subject to the constraints: 
X1 + X2 + X3 + X4 + X5 +S1 = 100 
X1 – S2 + A1 = 10 
X2 – S3+ A2  = 10 
X3– S4 + A3  = 10 
X4 – S5 + A4 = 10 
X5 – S6 + A5 = 10 
Now,  
Number of variables = n = 16 and  
Number of constraints = m = 6  
Therefore,  
n – m = 10  
so that we have to set 10 variables at Zero level. Let, X1 = X2 = X3 = X4 = X5 = S2 = S3 = S4 = S5 = S6 = 0  
Therefore,  
S1=100, A1=10 , A2=10, A3=10, A4=10, A5=10 
Assign 0 coefficient to V Xi and V Si and assign -1 coefficient to V Ai in Two Phase Simplex method.  
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Phase – I, First Simplex Tableau  
  Cj 0 0 0 0 0 0 0 -1 0 -1 0 -1 0 -1 0 -1  
 BV SV X1 X2 X3 X4 X5 S1 S2 A1 S3 A2 S4 A3 S5 A4 S6 A5 MR 
0 S1 100 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 100 
-1 A1 10 1 0 0 0 0 0 -1 1 0 0 0 0 0 0 0 0 10 
-1 A2 10 0 1 0 0 0 0 0 0 -1 1 0 0 0 0 0 0  
-1 A3 10 0 0 1 0 0 0 0 0 0 0 -1 1 0 0 0 0  
-1 A4 10 0 0 0 1 0 0 0 0 0 0 0 0 -1 1 0 0  
-1 A5 10 0 0 0 0 1 0 0 0 0 0 0 0 0 0 -1 1  
 Zj -50 -1 -1 -1 -1 -1 0 1 -1 1 -1 1 -1 1 -1 1 -1  
 Cj-Zj 1 1 1 1 1 0 -1 0 -1 0 -1 0 -1 0 -1 0  
 
As the presence of the +ve value in Index Row Cj – Zj, it shows that the solution is not optimum. Now replace A1 by X1, hence the 
Second Simplex Tableau 
  Cj 0 0 0 0 0 0 0 -1 0 -1 0 -1 0 -1 0 -1  
 BV SV X1 X2 X3 X4 X5 S1 S2 A1 S3 A2 S4 A3 S5 A4 S6 A5 MR 
0 S1 90 0 1 1 1 1 1 1 -1 0 0 0 0 0 0 0 0 90 
0 X1 10 1 0 0 0 0 0 -1 1 0 0 0 0 0 0 0 0  
-1 A2 10 0 1 0 0 0 0 0 0 -1 1 0 0 0 0 0 0 10 
-1 A3 10 0 0 1 0 0 0 0 0 0 0 -1 1 0 0 0 0  
-1 A4 10 0 0 0 1 0 0 0 0 0 0 0 0 -1 1 0 0  
-1 A5 10 0 0 0 0 1 0 0 0 0 0 0 0 0 0 -1 1  
 Zj -40 0 -1 -1 -1 -1 0 0 0 1 -1 1 -1 1 -1 1 -1  
 Cj-Zj 0 1 1 1 1 0 0 -1 -1 0 -1 0 -1 0 -1 0  
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Here, presence of the +ve value in Index Row Cj – Zj, so again Replace A2 by X2, so that the Third Simplex Tableau as 
  Cj 0 0 0 0 0 0 0 -1 0 -1 0 -1 0 -1 0 -1  
 BV SV X1 X2 X3 X4 X5 S1 S2 A1 S3 A2 S4 A3 S5 A4 S6 A5 MR 
0 S1 80 0 0 1 1 1 1 1 -1 1 -1 0 0 0 0 0 0 80 
0 X1 10 1 0 0 0 0 0 -1 1 0 0 0 0 0 0 0 0  
0 X2 10 0 1 0 0 0 0 0 0 -1 1 0 0 0 0 0 0  
-1 A3 10 0 0 1 0 0 0 0 0 0 0 -1 1 0 0 0 0 10 
-1 A4 10 0 0 0 1 0 0 0 0 0 0 0 0 -1 1 0 0  
-1 A5 10 0 0 0 0 1 0 0 0 0 0 0 0 0 0 -1 1  
 Zj -30 0 0 -1 -1 -1 0 0 0 0 0 1 -1 1 -1 1 -1  
 Cj-Zj 0 0 1 1 1 0 0 -1 0 -1 -1 0 -1 0 -1 0  
 
Again here the presence of the +ve value in Index Row Cj – Zj, so replace A3 by X3,  therefore the Fourth Simplex Tableau as 
  Cj 0 0 0 0 0 0 0 -1 0 -1 0 -1 0 -1 0 -1  
 BV SV X1 X2 X3 X4 X5 S1 S2 A1 S3 A2 S4 A3 S5 A4 S6 A5 MR 
0 S1 70 0 0 0 1 1 1 1 -1 1 -1 1 -1 0 0 0 0 70 
0 X1 10 1 0 0 0 0 0 -1 1 0 0 0 0 0 0 0 0  
0 X2 10 0 1 0 0 0 0 0 0 -1 1 0 0 0 0 0 0  
0 X3 10 0 0 1 0 0 0 0 0 0 0 -1 1 0 0 0 0  
-1 A4 10 0 0 0 1 0 0 0 0 0 0 0 0 -1 1 0 0 10 
-1 A5 10 0 0 0 0 1 0 0 0 0 0 0 0 0 0 -1 1  
 Zj -20 0 0 0 -1 -1 0 0 0 0 0 0 0 1 -1 1 -1  
 Cj-Zj 0 0 0 1 1 0 0 0 0 0 0 0 -1 0 -1 0  
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Here presence of the +ve value in Index Row Cj – Zj, therefore, replace A4 by X4, thereby the Fifth Simplex Tableau as 
  Cj 0 0 0 0 0 0 0 -1 0 -1 0 -1 0 -1 0 -1  
 BV SV X1 X2 X3 X4 X5 S1 S2 A1 S3 A2 S4 A3 S5 A4 S6 A5 MR 
0 S1 60 0 0 0 0 1 1 1 -1 1 -1 1 -1 0 0 0 0 60 
0 X1 10 1 0 0 0 0 0 -1 1 0 0 0 0 0 0 0 0  
0 X2 10 0 1 0 0 0 0 0 0 -1 1 0 0 0 0 0 0  
0 X3 10 0 0 1 0 0 0 0 0 0 0 -1 1 0 0 0 0  
0 X4 10 0 0 0 1 0 0 0 0 0 0 0 0 -1 1 0 0  
-1 A5 10 0 0 0 0 1 0 0 0 0 0 0 0 0 0 -1 1 10 
 Zj -10 0 0 0 0 -1 0 0 0 0 0 0 0 0 0 1 -1  
 Cj-Zj 0 0 0 0 1 0 0 -1 0 -1 0 -1 0 -1 0 0  
 
Here presence of the +ve value in Index Row Cj – Zj, therefore, replace A5 by X5, thereby the Sixth Simplex Tableau as 
  Cj 0 0 0 0 0 0 0 -1 0 -1 0 -1 0 -1 0 -1  
 BV SV X1 X2 X3 X4 X5 S1 S2 A1 S3 A2 S4 A3 S5 A4 S6 A5 MR 
0 S1 50 0 0 0 0 0 1 1 -1 1 -1 1 -1 0 0 1 -1  
0 X1 10 1 0 0 0 0 0 -1 1 0 0 0 0 0 0 0 0  
0 X2 10 0 1 0 0 0 0 0 0 -1 1 0 0 0 0 0 0  
0 X3 10 0 0 1 0 0 0 0 0 0 0 -1 1 0 0 0 0  
0 X4 10 0 0 0 1 0 0 0 0 0 0 0 0 -1 1 0 0  
0 X5 10 0 0 0 0 1 0 0 0 0 0 0 0 0 0 -1 1  
 Zj 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
 Cj-Zj 0 0 0 0 0 0 0 -1 0 -1 0 -1 0 -1 0 -1  
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Here, all entry of Index Row Cj – Zj is Zero and no artificial variable is present, so the solution is optimum for Phase – I method. 
Now converting it into Phase – II method  
 
thereby the Phase – II, Seventh Simplex Tableau as 
  Cj 10940 6241 6054 6138 4222 0 0 0 0 0 0  
 BV SV X1 X2 X3 X4 X5 S1 S2 S3 S4 S5 S6 MR 
0 S1 50 0 0 0 0 0 1 1 1 1 0 1 50 
10940 X1 10 1 0 0 0 0 0 -1 0 0 0 0  
6241 X2 10 0 1 0 0 0 0 0 -1 0 0 0  
6054 X3 10 0 0 1 0 0 0 0 0 -1 0 0  
6138 X4 10 0 0 0 1 0 0 0 0 0 -1 0  
4222 X5 10 0 0 0 0 1 0 0 0 0 0 -1  
 Zj 305950 10940 6241 6054 6138 4222 0 -10940 -6241 -6054 -6138 -4222  
 Cj-Zj 0 0 0 0 0 0 10940 6241 6054 6138 4222  
 
As presence of the +ve value in Index Row Cj – Zj, replace S1 by S2, hence the Eighth Simplex Tableau as 
  Cj 10940 6241 6054 6138 4222 0 0 0 0 0 0  
 BV SV X1 X2 X3 X4 X5 S1 S2 S3 S4 S5 S6 MR 
0 S2 50 0 0 0 0 0 1 1 1 1 1 1  
10940 X1 60 1 0 0 0 0 0 0 1 1 1 1  
6241 X2 10 0 1 0 0 0 0 0 -1 0 0 0  
6054 X3 10 0 0 1 0 0 0 0 0 -1 0 0  
6138 X4 10 0 0 0 1 0 0 0 0 0 -1 0  
4222 X5 10 0 0 0 0 1 0 0 0 0 0 -1  
 Zj 882950 10940 6241 6054 6138 4222 0 0 4699 4886 4802 6718  
 Cj-Zj 0 0 0 0 0 0 0 -4699 -4886 -4802 -6718  
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Decision:  Finally, there is the presence of –ve value in Index Row Cj – Zj of Eighth Simplex Tableau, which shows that the 
solution is optimum. Thus, the optimal solution by Two Phase Simplex Method is Max Z= 882950 with X1=60, X2=10, 
X3=10, X4=10, and X5=10 
 
 The results by all the three LPP techniques applied manually i.e. Big M (Penalty), Dual and Two Phase methods were 
identical and presented in the Table 5.1. 
Table 5.1 Result of five crops selection by LPP Technique 
Particular  Result by Simplex method 
Big M Dual Two Phase 
Max. Profit = Rs. 882950 Rs. 882950 Rs. 882950 
X1, Jowar crop area = 60 ha 60 ha 60 ha 
X2, Maize crop area = 10 ha 10 ha 10 ha 
X3, Sesamum crop area = 10 ha 10 ha 10 ha 
X4, Green gram crop area = 10 ha 10 ha 10 ha 
X5, Black gram crop area = 10 ha  10 ha  10 ha  
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5.6.1.3 Comparison between ICT and LP model results 
 It was found from Fig. 5.5 and Table 5.1 that by both the tool applied to 
the profit maximization problem of farmer ABC for the selection of crops 
A1(Jowar), A2 (Maize), A3 (Sesamum), A4 (Green gram) and A5 (Black 
gram) in the Kharif season was identical i.e. profit was Rs. 882950 with land 
allocation to each crop as 60, 10, 10, 10 and 10 ha respectively which was 
also proved that the developed ICT is validated. 
5.6.2 Four crops per season 
Suppose a ABC farmer (Village: XYZ) wanted to select the crops to be 
grown  under 100 ha area for the Rabi season from the Table 3.4 as 
B1(Wheat Irri.), B2 (Wheat unirri.), B3 (Jowar) and B4 (Pigeon pea) crops.  
5.6.2.1 Results from developed ICT  
The four crop selection and available land for the Rabi season was 
used as input to the ICT and it showed the result as shown in Fig. 5.6 
 
Fig. 5.6 Result of four crops selection by ICT 
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5.6.2.2 Results from LP model 
Now for the validation of that result obtained from ICT as in Fig. 5.6, 
the same crop selection was applied to the LP model as described in eq. 3.1 
with the constraints as eq. 3.2 to 3.7 and solved by Big M (Penalty), Dual and 
Two Phase Simplex method as followed considering the profit of each crop 
selected as below. 
 
 
 
 
 
Problem Statement: 
Suppose a farmer wants to grow Wheat (Irri), Wheat (Unirr), Jowar and 
Pigeon pea crops in the Rabi season. Profit in Rs. per ha from each crop are 
17277, 4473, 11865 and 16110 respectively. The  farmer has available land 
as 100 ha and he wants to allocate at least 10 % of land for each crop. This 
statement has been made from Table 3.4. 
Mathematical Formulation of LPP:  
Max Z = 17277 A21 + 4473 A22 + 11865 A23 + 16110 A24 
                  = 17277 X1 + 4473 X2 + 11865 X3 + 16110 X4 
Subject to the constraints:  
X1 + X2 + X3 + X4 + < 100  
X1 > 10  
X2 > 10  
X3 > 10  
X4 > 10   
X1, X2, X3, X4, > 0 
Sr. No. Crops Profit (Rs/ha) 
A21 Wheat (Irri) 17277 
A22 Wheat (Unirr) 4473 
A23 Jowar 11865 
A24 Pigeon pea 16110 
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5.6.2.2.1 Solution by Big M (Penalty) Simplex Method 
For converting inequality to equality, we have to add slack variable S1 in first constraint, subtract surplus variable S2 and add 
artificial variable A1 in second constraint, subtract surplus variable S3 and add artificial variable A2 in third constraint, subtract 
surplus variable S4 and add artificial variable A3 in fourth constraint, subtract surplus variable S5 and add artificial variable A4 in fifth 
constraint; i.e.  
X1 + X2 + X3 + X4 + S1 = 100   
X1 – S2 + A1 = 10  
X2 – S3 + A2 = 10  
X3 – S4 + A3 = 10  
X4 – S5 + A4 = 10 
Now,  
Number of variables = n = 13 and  
Number of constraints = m = 5  
Therefore,  
n – m = 8 
so that we have to set 8 variables at Zero level. Let, X1 = X2 = X3 = X4 = S2 = S3 = S4 = S5 = 0  
Therefore, S1=100, A1=10, A2=10, A3=10, A4=10 
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First Simplex Tableau  
  Cj 17277 4473 11865 16110 0 0 -M 0 -M 0 -M 0 -M  
 BV SV X1 X2 X3 X4 S1 S2 A1 S3 A2 S4 A3 S5 A4 MR 
0 S1 100 1 1 1 1 1 0 0 0 0 0 0 0 0 100 
-M A1 10 1 0 0 0 0 -1 1 0 0 0 0 0 0 10 
-M A2 10 0 1 0 0 0 0 0 -1 1 0 0 0 0  
-M A3 10 0 0 1 0 0 0 0 0 0 -1 1 0 0  
-M A4 10 0 0 0 1 0 0 0 0 0 0 0 -1 1  
 Zj -40M -M -M -M -M 0 M -M M -M M -M M -M  
 Cj-Zj 17277 + M 4473 + M 11865 +M 16110 +M 0 -M 0 -M 0 -M 0 -M 0  
 
As the presence of the +ve value in Index Row Cj – Zj, it shows that the solution is not optimum. Now replace A1 by X1, hence the 
Second Simplex Tableau 
  Cj 17277 4473 11865 16110 0 0 -M 0 -M 0 -M 0 -M  
 BV SV X1 X2 X3 X4 S1 S2 A1 S3 A2 S4 A3 S5 A4 MR 
0 S1 90 0 1 1 1 1 1 -1 0 0 0 0 0 0 90 
17277 X1 10 1 0 0 0 0 -1 1 0 0 0 0 0 0  
-M A2 10 0 1 0 0 0 0 0 -1 1 0 0 0 0  
-M A3 10 0 0 1 0 0 0 0 0 0 -1 1 0 0  
-M A4 10 0 0 0 1 0 0 0 0 0 0 0 -1 1 10 
 Zj 172770-30M 17277 -M -M -M 0 -17277 17277 M -M M -M M -M  
 Cj-Zj 0 4473 + M 11865 +M 16110 +M 0 17277 -17277-M -M 0 -M 0 -M 0  
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Here, presence of the +ve value in Index Row Cj – Zj, so again Replace A4by X4, so that the Third Simplex Tableau as 
  Cj 17277 4473 11865 16110 0 0 -M 0 -M 0 -M 0 -M  
 BV SV X1 X2 X3 X4 S1 S2 A1 S3 A2 S4 A3 S5 A4 MR 
0 S1 80 0 1 1 0 1 1 -1 0 0 0 0 1 -1 80 
17277 X1 10 1 0 0 0 0 -1 1 0 0 0 0 0 0  
-M A2 10 0 1 0 0 0 0 0 -1 1 0 0 0 0  
-M A3 10 0 0 1 0 0 0 0 0 0 -1 1 0 0 10 
16110 X4 10 0 0 0 1 0 0 0 0 0 0 0 -1 1  
 Zj 333870 17277 -M -M 16110 0 -17277 17277 M -M M -M -16110 16110  
 Cj-Zj 0 4473 + M 11865 +M 0 0 17277 -17277-M -M 0 -M 0 16110 -16110-M  
 
Again here the presence of the +ve value in Index Row Cj – Zj, so replace A3 by X3,  therefore the Fourth Simplex Tableau as 
  Cj 17277 4473 11865 16110 0 0 -M 0 -M 0 -M 0 -M  
 BV SV X1 X2 X3 X4 S1 S2 A1 S3 A2 S4 A3 S5 A4 MR 
0 S1 70 0 1 0 0 1 1 -1 0 0 0 0 1 -1 70 
17277 X1 10 1 0 0 0 0 -1 1 0 0 0 0 0 0  
-M A2 10 0 1 0 0 0 0 0 -1 1 0 0 0 0 10 
11865 X3 10 0 0 1 0 0 0 0 0 0 -1 1 0 0  
16110 X4 10 0 0 0 1 0 0 0 0 0 0 0 -1 1  
 Zj 452520-10M 17277 -M 11865 16110 0 -17277 17277 M -M -11865 11865 -16110 16110  
 Cj-Zj 0 4473 + M 0 0 0 17277 -17277-M -M 0 11865 -11865-M 16110 -16110-M  
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Here presence of the +ve value in Index Row Cj – Zj, therefore, replace A2 by X2, thereby the Fifth Simplex Tableau as 
 
  Cj 17277 4473 11865 16110 0 0 -M 0 -M 0 -M 0 -M  
 BV SV X1 X2 X3 X4 S1 S2 A1 S3 A2 S4 A3 S5 A4 MR 
0 S1 60 0 0 0 0 1 1 -1 1 -1 0 0 1 -1 60 
17277 X1 10 1 0 0 0 0 -1 1 0 0 0 0 0 0  
4473 X2 10 0 1 0 0 0 0 0 -1 1 0 0 0 0  
11865 X3 10 0 0 1 0 0 0 0 0 0 -1 1 0 0  
16110 X4 10 0 0 0 1 0 0 0 0 0 0 0 -1 1  
 Zj 497250 17277 4473 11865 16110 0 -17277 17277 -4473 4473 -11865 11865 -16110 16110  
 Cj-Zj 0 0 0 0 0 17277 -17277-M 4473 -4473-M 11865 -11865-M 16110 -16110-M  
 
Now presence of the +ve value in Index Row Cj – Zj again, so that replace S1by S2 and thereby the Sixth Simplex Tableau as 
  Cj 17277 4473 11865 16110 0 0 -M 0 -M 0 -M 0 -M  
 BV SV X1 X2 X3 X4 S1 S2 A1 S3 A2 S4 A3 S5 A4 MR 
0 S2 60 0 0 0 0 1 1 -1 1 -1 0 0 1 -1  
17277 X1 70 1 0 0 0 0 0 0 1 -1 0 0 1 0  
4473 X2 10 0 1 0 0 0 0 0 -1 1 0 0 0 0  
11865 X3 10 0 0 1 0 0 0 0 0 0 1 1 0 0  
16110 X4 10 0 0 0 1 0 0 0 0  0 0 0 -1 1  
 Zj 1533870 17277 4473 11865 16110 16110 4473 -4473 0 0 11865 11865 -11637 11637  
 Cj-Zj 0 0 0 0 -16110 -4473 4473-M 0 -M -11865 -11865-M 11637 -11637-M  
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Decision:  Finally, there is the presence of –ve value in Index Row Cj – Zj of Seventh Simplex Tableau, which shows that the 
solution is optimum. Thus, the optimal solution by Big M (Penalty) Simplex Method is Max Z= 1533870 with X1=70, 
X2=10, X3=10 and X4=10  
5.6.2.2.2 Solution by Dual Simplex Method 
First of all, convert the problem into Standard Primal as shown below.   
Max Z = 17277 X1 + 4473 X2 + 11865 X3 + 16110 X4 
Subject to the constraints:  
X1 + X2 + X3+ X4 < 100 
-X1 < 10 
-X2 < 10 
-X3 < 10 
-X4 < 10 
X1, X2, X3, X4 > 0  
The dual of given Standard Primal, Min Z = 100Y1 – 10Y2 – 10Y3 – 10Y4– 10Y5 
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Subject to the constraints: 
Y1 – Y2 > 17277 
Y1 – Y3 > 4473 
Y1 – Y4 > 11865 
Y1 – Y5> 16110 
Y1, Y2, Y3, Y4, Y5 > 0 
For converting inequality to equality, we have to subtract surplus variable S1 and add artificial variable A1 in first constraint, 
subtract surplus variable S2 and add artificial variable A2 in second constraint, subtract surplus variable S3 and add artificial variable 
A3 in third constraint and subtract surplus variable S4 and add artificial variable A4 in third constraint. 
Therefore,  
Min Z = 100Y1 – 10Y2 – 10Y3 – 10Y4 – 10Y5 – 0S1 + MA1 – 0S2 + MA2 – 0S3 + MA3– 0S4 + MA4 
Subject to the constraints: 
Y1 – Y2 – S1 + A1 = 17277 
Y1 – Y3 – S2 + A2 = 4473 
Y1– Y4 – S3 + A3 = 11865 
Y1– Y5 – S4 + A4 = 16110 
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Now,  
Number of variables = n = 13 and  
Number of constraints = m = 4  
Therefore, n – m = 9, so that we have to set 9 variables at Zero level.  
Let, Y1 = Y2 = Y3 = Y4 = Y5 = S1 = S2 = S3 = S4 = 0  
Therefore, A1=17277, A2=4473, A3=11865, A4=16110  
First Simplex Tableau  
  Cj 100 -10 -10 -10 -10 0 M 0 M 0 M 0 M  
 BV SV Y1 Y2 Y3 Y4 Y5 S1 A1 S2 A2 S3 A3 S4 A4 MR 
M A1 17277 1 -1 0 0 0 -1 1 0 0 0 0 0 0 17277 
M A2 4473 1 0 -1 0 0 0 0 -1 1 0 0 0 0 4473 
M A3 11865 1 0 0 -1 0 0 0 0 0 -1 1 0 0 11865 
M A4 16110 1 0 0 0 -1 0 0 0 0 0 0 -1 1 16110 
 Zj 49725M 4M -M -M -M -M -M M -M M -M M -M M  
 Cj-Zj 100 - 4M -10 + M -10 + M -10 + M -10 + M M 0 M 0 M 0 M 0  
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As the presence of the -ve value in Index Row Cj – Zj, it shows that the solution is not optimum. Now replace A2 by Y1, hence the 
Second Simplex Tableau 
  Cj 100 -10 -10 -10 -10 0 M 0 M 0 M 0 M  
 BV SV Y1 Y2 Y3 Y4 Y5 S1 A1 S2 A2 S3 A3 S4 A4 MR 
M A1 12804 0 -1 1 0 0 -1 1 1 -1 0 0 0 0 12804 
100 Y1 4473 1 0 -1 0 0 0 0 -1 1 0 0 0 0  
M A3 7392 0 0 1 -1 0 0 0 1 -1 -1 1 0 0 7392 
M A4 11637 0 0 1 0 -1 0 0 1 -1 0 0 -1 1 11637 
 Zj 447300+31833M 100 -M -100+3M -M -M -M M -100+3M 100-3M -M M -M M  
 Cj-Zj 0 -10 + M 90-3M -10 + M -10 + M M 0 100-3M 100+4M M 0 M 0  
Here, presence of the -ve value in Index Row Cj – Zj, so again Replace A3 by Y3, so that the Third Simplex Tableau as 
  Cj 100 -10 -10 -10 -10 0 M 0 M 0 M 0 M  
 BV SV Y1 Y2 Y3 Y4 Y5 S1 A1 S2 A2 S3 A3 S4 A4 MR 
M A1 5412 0 -1 0 1 0 -1 1 0 0 1 -1 0 0 5412 
100 Y1 11865 1 0 0 -1 0 0 0 0 0 -1 1 0 0  
-10 Y3 7392 0 0 1 -1 0 0 0 1 -1 -1 1 0 0  
M A4 4245 0 0 0 1 -1 0 0 0 0 1 -1 -1 1 4245 
 Zj 1112580+9657M 100 -M -10 -90+2M -M -M M -10 10 -90+2M 90-2M -M M  
 Cj-Zj 0 -10 + M 0 80-2M -10 + M M 0 10 -10+M 90-2M 90+3M M 0  
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Again here the presence of the -ve value in Index Row Cj – Zj, so replace A4 by Y4, therefore  the Fourth Simplex Tableau as 
 
  Cj 100 -10 -10 -10 -10 0 M 0 M 0 M 0 M  
 BV SV Y1 Y2 Y3 Y4 Y5 S1 A1 S2 A2 S3 A3 S4 A4 MR 
M A1 1167 0 -1 0 0 1 -1 1 0 0 0 0 0 0 1167 
100 Y1 16110 1 0 0 0 -1 0 0 0 0 0 0 0 0  
-10 Y3 11637 1 0 1 0 -1 0 0 1 -1 0 0 0 0  
-10 Y4 4245 0 0 0 1 -1 0 0 0 0 1 -1 -1 1  
 Zj 1452180+1167M 90 -M -10 -10 80+M -M M -10 10 -10 10 10 -10  
 Cj-Zj 10 -10 + M 0 0 -90- M M 0 10 -10+M 10 -10+M -10 10+M  
 
Here, presence of the -ve value in Index Row Cj – Zj, so again Replace A1 by Y5, so that the Fifth Simplex Tableau as 
  Cj 100 -10 -10 -10 -10 0 M 0 M 0 M 0 M  
 BV SV Y1 Y2 Y3 Y4 Y5 S1 A1 S2 A2 S3 A3 S4 A4 MR 
-10 Y5 1167 0 -1 0 0 1 -1 1 0 0 0 0 0 0  
100 Y1 17277 1 -1 0 0 0 -1 1 0 0 0 0 0 0  
-10 Y3 12804 1 -1 1 0 0 -1 1 1 -1 0 0 0 0  
-10 Y4 5412 0 -1 0 1 0 -1 1 0 0 1 -1 -1 1  
 Zj 1533870 90 -70 -10 -10 -10 -70 70 -10 10 -10 10 10 -10  
 Cj-Zj 10 60 0 0 0 70 -70+M 10 -10+M 10 -10+M -10 10+M  
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Decision:  Finally, there is the presence of +ve value in Index Row Cj – Zj of Fourth Simplex Tableau, which shows that the 
solution is optimum. Thus, the optimal solution by Dual Simplex Method is Max Z= 1533870 with X1=70, X2=10, X3=10 
and X4=10 
5.6.2.2.3 Solution by Two Phase Simplex Method 
For converting inequality to equality, we have to add slack variable S1 in first constraint; subtract surplus variable S2 and add 
artificial variable A1 in second constraint, subtract surplus variable S3 and add artificial variable A2 in third constraint, subtract 
surplus variable S4 and add artificial variable A3 in fourth constraint and  subtract surplus variable S5 and add artificial variable A4 in 
fifth constraint 
The model converted into equality from inequality which is given by  
Max Z = 17277 X1 + 4473 X2 + 11865 X3 + 16110 X4 +  0S1 – 0S2 + MA1 – 0S3 + MA2 – 0S4 + MA3 – 0S5 + MA4 
Subject to the constraints: 
X1 + X2 + X3 + X4 + S1 = 100 
X1 – S2 + A1  = 10 
X2 – S3 + A2  = 10 
X3– S4 + A3  = 10 
X4 – S5 + A4 = 10 
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Now,  
Number of variables = n = 13 and  
Number of constraints = m = 5.  
Therefore, n – m = 8  
so that we have to set 8 variables at Zero level.  
Let, X1 = X2 = X3 = X4 = S2 = S3 = S4 = S5 =0  
Therefore,  S1 = 100, A1=10, A2=10, A3=10, A4=10 
Assign 0 coefficient to V Xi and V Si and assign -1 coefficient to V Ai in this Two Phase Simplex method.  
Phase – I, First Simplex Tableau  
  Cj 0 0 0 0 0 0 -1 0 -1 0 -1 0 -1  
 BV SV X1 X2 X3 X4 S1 S2 A1 S3 A2 S4 A3 S5 A4 MR 
0 S1 100 1 1 1 1 1 0 0 0 0 0 0 0 0 100 
-1 A1 10 1 0 0 0 0 -1 1 0 0 0 0 0 0 10 
-1 A2 10 0 1 0 0 0 0 0 -1 1 0 0 0 0  
-1 A3 10 0 0 1 0 0 0 0 0 0 -1 1 0 0  
-1 A4 10 0 0 0 1 0 0 0 0 0 0 0 -1 1  
 Zj -40 -1 -1 -1 -1 0 1 -1 1 -1 1 -1 1 -1  
 Cj-Zj 1 1 1 1 0 -1 0 -1 0 -1 0 -1 0  
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As the presence of the +ve value in Index Row Cj – Zj, it shows that the solution is not optimum. Now replace A1 by X1, hence the 
Second Simplex Tableau 
  Cj 0 0 0 0 0 0 -1 0 -1 0 -1 0 -1  
 BV SV X1 X2 X3 X4 S1 S2 A1 S3 A2 S4 A3 S5 A4 MR 
0 S1 90 0 1 1 1 1 1  0 0 0 0 0 0 90 
0 X1 10 1 0 0 0 0 -1  0 0 0 0 0 0  
-1 A2 10 0 1 0 0 0 0  -1 1 0 0 0 0 10 
-1 A3 10 0 0 1 0 0 0  0 0 -1 1 0 0  
-1 A4 10 0 0 0 1 0 0  0 0 0 0 -1 1  
 Zj -30 0 -1 -1 -1 0 0  1 -1 1 -1 1 -1  
 Cj-Zj 0 1 1 1 0 0  -1 0 -1 0 -1 0  
Here, presence of the +ve value in Index Row Cj – Zj, so again Replace A2 by X2, so that the Third Simplex Tableau as 
  Cj 0 0 0 0 0 0 -1 0 -1 0 -1 0 -1  
 BV SV X1 X2 X3 X4 S1 S2 A1 S3 A2 S4 A3 S5 A4 MR 
0 S1 80 0 0 1 1 1 1  1  0 0 0 0 80 
0 X1 10 1 0 0 0 0 -1  0  0 0 0 0  
0 X2 10 0 1 0 0 0 0  -1  0 0 0 0  
-1 A3 10 0 0 1 0 0 0  0  -1 1 0 0 10 
-1 A4 10 0 0 0 1 0 0  0  0 0 -1 1  
 Zj -20 0 0 -1 -1 0 0  0  1 -1 1 -1  
 Cj-Zj 0 0 1 1 0 0  0  -1 0 -1 0  
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Again here the presence of the +ve value in Index Row Cj – Zj, so replace A3 by X3, therefore the Fourth Simplex Tableau as 
 
  Cj 0 0 0 0 0 0 -1 0 -1 0 -1 0 -1  
 BV SV X1 X2 X3 X4 S1 S2 A1 S3 A2 S4 A3 S5 A4 MR 
0 S1 70 0 0 0 1 1 1  1  1  0 0 70 
0 X1 10 1 0 0 0 0 -1  0  0  0 0  
0 X2 10 0 1 0 0 0 0  -1  0  0 0  
0 X3 10 0 0 1 0 0 0  0  -1  0 0  
-1 A4 10 0 0 0 1 0 0  0  0  -1 1 10 
 Zj -10 0 0 0 -1 0 0  0  0  1 -1  
 Cj-Zj 0 0 0 1 0 0  0  0  -1 0  
 
Here presence of the +ve value in Index Row Cj – Zj, therefore, replace A4 by X4, thereby the Fifth Simplex Tableau as 
 
  Cj 0 0 0 0 0 0 -1 0 -1 0 -1 0 -1  
 BV SV X1 X2 X3 X4 S1 S2 A1 S3 A2 S4 A3 S5 A4 MR 
0 S1 60 0 0 0 0 1 1  1  1  1   
0 X1 10 1 0 0 0 0 -1  0  0  0   
0 X2 10 0 1 0 0 0 0  -1  0  0   
0 X3 10 0 0 1 0 0 0  0  -1  0   
0 X4 10 0 0 0 1 0 0  0  0  -1   
 Zj 0 0 0 0 0 0 0  0  0  0   
 Cj-Zj 0 0 0 0 0 0  0  0  0   
Results and Discussion 
 
Some Contribution of Operations Research in Profitable Farm Management 104 
 
 
Here, all entry of Index Row Cj – Zj is Zero and no artificial variable is present, so the solution is optimum for Phase – I method. 
Now converting it into Phase – II method 
 
thereby the Phase – II, Sixth Simplex Tableau as 
  Cj 17277 4473 11865 16110 0 0 0 0 0  
 BV SV X1 X2 X3 X4 S1 S2 S3 S4 S5 MR 
0 S1 60 0 0 0 0 1 1 1 1 1 60 
17277 X1 10 1 0 0 0 0 -1 0 0 0  
4473 X2 10 0 1 0 0 0 0 -1 0 0  
11865 X3 10 0 0 1 0 0 0 0 -1 0  
16110 X4 10 0 0 0 1 0 0 0 0 -1  
 Zj 497250 17277 4473 11865 16110 0 -17277 -4473 -11865 -16110  
 Cj-Zj 0 0 0 0 0 17277 4473 11865 16110  
 
As presence of the +ve value in Index Row Cj – Zj, replace S1 by S2, hence the Seventh Simplex Tableau as 
  Cj 17277 4473 11865 16110 0 0 0 0 0  
 BV SV X1 X2 X3 X4 S1 S2 S3 S4 S5 MR 
0 S2 60 0 0 0 0 1 1 1 1 1  
17277 X1 70 1 0 0 0 1 0 1 1 1  
4473 X2 10 0 1 0 0 0 0 -1 0 0  
11865 X3 10 0 0 1 0 0 0 0 -1 0  
16110 X4 10 0 0 0 1 0 0 0 0 -1  
 Zj 1533870 17277 4473 11865 16110 17277 0 12764 5412 1167  
 Cj-Zj 0 0 0 0 -17277 0 -12764 -5412 -1167  
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Decision:  Finally, there is the presence of –ve value in Index Row Cj – Zj of Seventh Simplex Tableau, which shows that the 
solution is optimum. Thus, the optimal solution by Two Phase Simplex Method is Max Z= 1533870 with X1=70, X2=10, 
X3=10 and X4=10 
 
The results by all the three LPP techniques applied manually i.e. Big M (Penalty), Dual and Two Phase methods were 
identical and presented in the Table 5.2. 
Table 5.2 Result of four crops selection by LPP Technique 
Particular  Result by Simplex method 
Big M Dual Two Phase 
Max. Profit = Rs. 1533870 Rs. 1533870 Rs. 1533870 
X1, Wheat (irri) crop area = 70 ha 70 ha 70 ha 
X2, Wheat (unirri)  crop area = 10 ha 10 ha 10 ha 
X3, Jowar crop area = 10 ha 10 ha 10 ha 
X4, Pigeon pea crop area = 10 ha 10 ha 10 ha 
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5.6.2.3 Comparison between ICT and LP model results 
It was found from Fig. 5.6 and Table 5.2 that both the tool applied to 
the problem of farmer ABC for selection of the crops B1 (Wheat Irrigated), B2 
(Wheat un irrigated), B3 (Jowar) and B4 (Pigeon pea) crops in the Rabi 
season was identical i.e. profit was Rs. Rs. 1533870 with land allocation as 
70, 10, 10 and 10 ha respectively to each crop which also proved that the 
developed ICT is validated. 
5.6.3 Three crops per season 
Suppose a ABC farmer (Village: XYZ) wanted to select the crops to be 
grown  under 100 ha area for the Zaid season from the Table 3.4 as C1 
(Bajra), C2 (Paddy) and  C3 (Groundnut) crops.  
5.6.3.1 Results from developed ICT  
The three crop selection and available land for the Zaid season was 
used as input to the ICT and it showed the result as shown in Fig. 5.7 
 
Fig. 5.7 Result of three crops selection by ICT 
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5.6.3.2 Results from LP model 
Now for the validation of that result obtained from ICT as in Fig. 5.7, 
the same crop selection was applied to the LP model as described in eq. 3.1 
with the constraints as eq. 3.2 to 3.7 and solved by Big M (Penalty), Dual and 
Two Phase Simplex method as followed considering the profit of each crop 
selected as below. 
 
 
 
 
 
 
Problem Statement: 
Suppose a farmer wants to grow Bajra, Paddy and Groundnut crops in the 
Zaid season. Profit in Rs. per ha from each crop are 12114, 39625 and 28015 
respectively. The farmer has available land as 100 ha and he wants to 
allocate at least 10 % of land for each crop. This statement has been made 
from Table 3.4. 
 
Mathematical Formulation of LPP:  
Primal Problem Max Z  = 12114 A31 + 39625 A32 + 28015 A33   
= 12114 X1 + 39625 X2 + 28015 X3  
Subject to the constraints:  
X1 + X2 + X3 < 100  
X1 > 10  
X2 > 10  
X3 > 10  
X1, X2, X3 > 0 
Sr. No. Crops Profit (Rs/ha) 
A31 Bajra 12114 
A32 Paddy 39625 
A33 Groundnut  28015 
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5.6.3.2.1 Solution by Big M (Penalty) Simplex Method 
For converting inequality to equality, we have to add slack variable S1 in first constraint, subtract surplus variable S2 and add 
artificial variable A1 in second constraint, subtract surplus variable S3 and add artificial variable A2 in third constraint, subtract 
surplus variable S4 and add artificial variable A3 in fourth constraint i.e.  
X1 + X2 + X3 + S1 = 100   
X1 – S2 + A1 = 10  
X2 – S3 + A2 = 10  
X3 – S4 + A3 = 10  
Now,  
Number of variables = n = 10 and  
Number of constraints = m = 4 
Therefore, n – m = 6 
So  that we have to set 10 variables at Zero level. Let, X1 = X2 = X3 = S2 = S3 = S4 = 0  
Therefore,  
S1=100  
A1=10  
A2=10 
A3=10 
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First Simplex Tableau  
  Cj 12114 39625 28015 0 0 -M 0 -M 0 -M  
 BV SV X1 X2 X3 S1 S2 A1 S3 A2 S4 A3 MR 
0 S1 100 1 1 1 1 0 0 0 0 0 0 100 
-M A1 10 1 0 0 0 -1 1 0 0 0 0  
-M A2 10 0 1 0 0 0 0 -1 1 0 0 10 
-M A3 10 0 0 1 0 0 0 0 0 -1 1  
 Zj -30M -M -M -M 0 M -M M -M M -M  
 Cj-Zj 12114 + M 39625 + M 28015 +M 0 -M 0 -M 0 -M 0  
 
As the presence of the +ve value in Index Row Cj – Zj, it shows that the solution is not optimum. Now replace A2 by X2, hence the 
Second Simplex Tableau 
 
  Cj 12114 39625 28015 0 0 -M 0 -M 0 -M  
 BV SV X1 X2 X3 S1 S2 A1 S3 A2 S4 A3 MR 
0 S1 90 1 0 1 1 0 0 1 -1 0 0 90 
-M A1 10 1 0 0 0 -1 1 0 0 0 0  
39625 X2 10 0 1 0 0 0 0 -1 1 0 0  
-M A3 10 0 0 1 0 0 0 0 0 -1 1 10 
 Zj 396250-20M -M 39625 -M 0 M -M -39625 39625 M -M  
 Cj-Zj 12114 + M 0 28015 +M 0 -M 0 39625 -39625-M -M 0  
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Here, presence of the +ve value in Index Row Cj – Zj, so again Replace A3 by X3, so that the Third Simplex Tableau as 
  Cj 12114 39625 28015 0 0 -M 0 -M 0 -M  
 BV SV X1 X2 X3 S1 S2 A1 S3 A2 S4 A3 MR 
0 S1 80 1 0 0 1 0 0 1 -1 1 -1 80 
-M A1 10 1 0 0 0 -1 1 0 0 0 0 10 
39625 X2 10 0 1 0 0 0 0 -1 1 0 0  
28015 X3 10 0 0 1 0 0 0 0 0 -1 1  
 Zj 676400-10M -M 39625 28015 0 M -M -39625 39625 -28015 28015  
 Cj-Zj 12114 + M 0 0 0 -M 0 39625 -39625-M 28015 -28015-M  
 
Again here the presence of the +ve value in Index Row Cj – Zj, so replace A1 by X1,  therefore the Fourth Simplex Tableau as 
  Cj 12114 39625 28015 0 0 -M 0 -M 0 -M  
 BV SV X1 X2 X3 S1 S2 A1 S3 A2 S4 A3 MR 
0 S1 70 0 0 0 1 1 -1 1 -1 1 -1 70 
12114 X1 10 1 0 0 0 -1 1 0 0 0 0  
39625 X2 10 0 1 0 0 0 0 -1 1 0 0  
28015 X3 10 0 0 1 0 0 0 0 0 -1 1  
 Zj 797540 12114 39625 28015 0 -12114 12114 -39625 39625 -28015 28015  
 Cj-Zj 0 0 0 0 12114 12114-M 39625 39625-M 28015 28015-M  
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Here presence of the +ve value in Index Row Cj – Zj, therefore, replace S1by S3, thereby the Fifth Simplex Tableau as 
 
  Cj 12114 39625 28015 0 0 -M 0 -M 0 -M  
 BV SV X1 X2 X3 S1 S2 A1 S3 A2 S4 A3 MR 
0 S3 70 0 0 0 1 1 -1 1 -1 1 -1 70 
12114 X1 10 1 0 0 0 -1 1 0 0 0 0  
39625 X2 80 0 1 0 1 1 -1 0 0 1 -1  
28015 X3 10 0 0 1 0 0 0 0 0 -1 1  
 Zj 3571290 12114 39625 28015 39625 27511 -27511 0 0 11610 -11610  
 Cj-Zj 0 0 0 -39625 -27511 27511-M 0 -M -11610 11610-M  
 
Decision:  Finally, there is the presence of –ve value in Index Row Cj – Zj of Seventh Simplex Tableau, which shows that the 
solution is optimum. Thus, the optimal solution by Big M (Penalty) Simplex Method is Max Z= 3571290 with X1=10, 
X2=80 and X3=10  
5.6.3.2.2 Solution by Dual Simplex Method 
First of all, convert the problem into Standard Primal as shown below.   
Max Z = 12114 X1 + 39625 X2 + 28015 X3 
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Subject to the constraints:  
X1 + X2 + X3 < 100 
-X1 < 10 
-X2 < 10 
-X3 < 10 
X1, X2, X3 > 0  
The dual of given Standard Primal,  Min Z = 100Y1 – 10Y2 – 10Y3 – 10Y4 
Subject to the constraints: 
Y1 – Y2 > 12114 
Y1 – Y3 > 39625 
Y1 – Y4 > 28015 
Y1, Y2, Y3, Y4 > 0 
For converting inequality to equality, we have to subtract surplus variable S1 and add artificial variable A1 in first constraint, 
subtract surplus variable S2 and add artificial variable A2 in second constraint and subtract surplus variable S3 and add artificial 
variable A3 in third constraint. 
Therefore,  
Min Z = 100Y1 – 10Y2 – 10Y3 – 10Y4 – 0S1 + MA1 – 0S2 + MA2 – 0S3 + MA3 
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Subject to the constraints: 
Y1 –Y2– S1 + A1 = 12114 
Y1 –Y3– S2 + A2 = 39625 
Y1 –Y4– S3 + A3 = 28015 
Now,  
Number of variables = n = 10 and  
Number of constraints = m = 3  
Therefore, n – m = 7, so that we have to set 7 variables at Zero level.  
Let, Y1 = Y2 = Y3 = Y4 = S1 = S2 = S3 = 0  
Therefore, A1=12114, A2=39625, A3=28015 
First Simplex Tableau  
  Cj 100 -10 -10 -10 0 M 0 M 0 M  
 BV SV Y1 Y2 Y3 Y4 S1 A1 S2 A2 S3 A3 MR 
M A1 12114 1 -1 0 0 -1 1 0 0 0 0 12114 
M A2 39625 1 0 -1 0 0 0 -1 1 0 0 39625 
M A3 28015 1 0 0 -1 0 0 0 0 -1 1 28015 
 Zj 797544M 3M -M -M -M -M M -M M -M M  
 Cj-Zj 100 - 3M -10 + M -10 + M -10 + M M 0 M 0 M 0  
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As the presence of the -ve value in Index Row Cj – Zj, it shows that the solution is not optimum. Now replace A1 by Y1, hence the  
Second Simplex Tableau 
  Cj 100 -10 -10 -10 0 M 0 M 0 M  
 BV SV Y1 Y2 Y3 Y4 S1 A1 S2 A2 S3 A3 MR 
100 Y1 12114 1 -1 0 0 -1 1 0 0 0 0 - 
M A2 27511 0 1 -1 0 1 -1 -1 1 0 0 27511 
M A3 15901 10 1 0 -1 1 -1 0 0 -1 1 15901 
 Zj 1211400 + 43412M 100 -100 + 2M -M -M -100 + 2M -100 - 2M -M M -M M  
 Cj-Zj 0 90  - 2M -10 + M -10 + M 100 - 2M -100 + 3M M 0 M 0  
 
Here, presence of the -ve value in Index Row Cj – Zj, so again Replace A3 by Y2, so that the Third Simplex Tableau as 
  Cj 100 -10 -10 -10 0 M 0 M 0 M  
 BV SV Y1 Y2 Y3 Y4 S1 A1 S2 A2 S3 A3 MR 
100 Y1 28015 1 0 0 -1 0 0 0 0 -1 1 - 
M A2 11610 0 0 -1 1 0 0 -1 1 1 -1 11610 
-10 Y2 15901 0 1 0 -1 1 -1 0 0 -1 1 - 
 Zj 2642490 + 11610M 100 -10 -M -90 + M -10 -10 -M M -90 + M 90 - M  
 Cj-Zj 0 0 -10 + M 80 - M 10 10 + M M 0 90 - M -90 + 2M  
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Again here the presence of the -ve value in Index Row Cj – Zj, so replace A2 by Y4,  therefore the Fourth Simplex Tableau as 
  Cj 100 -10 -10 -10 0 M 0 M 0 M  
 BV SV Y1 Y2 Y3 Y4 S1 A1 S2 A2 S3 A3 MR 
100 Y1 39625 1 0 -1 0 0 0 -1 1 0 0 - 
-10 Y4 11610 0 0 -1 1 0 0 -1 1 1 -1 - 
-10 Y3 27511 0 1 -1 0 1 -1 -1 1 0 0 - 
 Zj 3571290 100 -10 -80 -10  -10 10 -80 80 -10  10  
 Cj-Zj 0 0 70 0 10  M -10 80  M -80 10 M -10  
 
Decision:  Finally, there is the presence of +ve value in Index Row Cj – Zj of Fourth Simplex Tableau,  which shows that the 
solution is optimum. Thus, the optimal solution by Dual Simplex Method is Max Z= 3571290 with X1=10, X2=80 and 
X3=10  
5.6.3.2.3 Solution by Two Phase Simplex Method 
For converting inequality to equality, we have to add slack variable S1 in first constraint; subtract surplus variable S2 and add 
artificial variable A1 in second constraint, subtract surplus variable S3 and add artificial variable A2 in third constraint and subtract 
surplus variable S4 and add artificial variable A3 in third constraint 
The model converted into equality from inequality which is given by  
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Max Z = 12117 X1 + 39625 X2 + 28015 X3 + 0S1 – 0S2 + MA1 – 0S3 + MA2 – 0S4 + MA3 
Subject to the constraints: 
X1 + X2 + X3 + S1 =100 
X1 – S2 + A1 = 10 
X2 – S3+ A2  = 10 
X3– S4 + A3  = 10 
Now,  
Number of variables = n = 10 and  
Number of constraints = m = 4.  
Therefore, n – m = 6  
so that we have to set 8 variables at Zero level.  
Let, X1 = X2 = X3 = S2 = S3 = S4 =0  
Therefore,  
S1 = 100  
A1=10  
A2=10  
A3=10  
Assign 0 coefficient  to V Xi and V Si and assign -1 coefficient to V Ai in this Two Phase Simplex method.  
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Phase – I, First Simplex Tableau  
  Cj 0 0 0 0 0 -1 0 -1 0 -1  
 BV SV X1 X2 X3 S1 S2 A1 S3 A2 S4 A3 MR 
0 S1 100 1 1 1 1 0 0 0 0 0 0 100 
-1 A1 10 1 0 0 0 -1 1 0 0 0 0 10 
-1 A2 10 0 1 0 0 0 0 -1 1 0 0  
-1 A3 10 0 0 1 0 0 0 0 0 -1 1  
 Zj -30 -1 -1 -1 0 1 -1 1 -1 1 -1  
 Cj-Zj 1 1 1 0 -1 0 -1 0 -1 0  
 
As the presence of the +ve value in Index Row Cj – Zj, it shows that the solution is not optimum. Now replace A1 by X1, hence the 
Second Simplex Tableau 
  Cj 0 0 0 0 0 -1 0 -1 0 -1  
 BV SV X1 X2 X3 S1 S2 A1 S3 A2 S4 A3 MR 
0 S1 90 0 1 1 1 1 1 0 0 0 0 90 
0 X1 10 1 0 0 0 -1 1 0 0 0 0  
-1 A2 10 0 1 0 0 0 0 -1 1 0 0 10 
-1 A3 10 0 0 1 0 0 0 0 0 -1 1  
 Zj -20 0 -1 -1 0 0 0 1 -1 1 -1  
 Cj-Zj 0 1 1 0 0 -1 -1 0 -1 0  
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Here, presence of the +ve value in Index Row Cj – Zj, so again Replace A2 by X2, so that the Third Simplex Tableau as 
  Cj 0 0 0 0 0 -1 0 -1 0 -1  
 BV SV X1 X2 X3 S1 S2 A1 S3 A2 S4 A3 MR 
0 S1 80 0 0 1 1 1 1 1 -1 0 0 80 
0 X1 10 1 0 0 0 -1 1 0 0 0 0  
0 X2 10 0 1 0 0 0 0 -1 1 0 0  
-1 A3 10 0 0 1 0 0 0 0 0 -1 1 10 
 Zj -10 0 0 -1 0 0 0 0 0 1 -1  
 Cj-Zj 0 0 1 0 0 -1 0 -1 -1 0  
 
Again here the presence of the +ve value in Index Row Cj – Zj, so replace A3 by X3,  therefore the Fourth Simplex Tableau as 
  Cj 0 0 0 0 0 -1 0 -1 0 -1  
 BV SV X1 X2 X3 S1 S2 A1 S3 A2 S4 A3 MR 
0 S1 70 0 0 0 1 1 1 1 -1 1 1  
0 X1 10 1 0 0 0 -1 1 0 0 0 0  
0 X2 10 0 1 0 0 0 0 -1 1 0 0  
0 X3 10 0 0 1 0 0 0 0 0 -1 1  
 Zj 0 0 0 0 0 0 0 0 0 0 0  
 Cj-Zj 0 0 0 0 0 -1 0 -1 0 -1  
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Here, all entry of Index Row Cj – Zj is Zero and no artificial variable is present, so the solution is optimum for Phase – I method. 
Now converting it into Phase – II method  
 
thereby the Phase – II, Fifth Simplex Tableau as 
  Cj 12114 39625 28015 0 0 0 0  
 BV SV X1 X2 X3 S1 S2 S3 S4 MR 
0 S1 70 0 0 0 1 1 1 1 70 
12114 X1 10 1 0 0 0 -1 0 0  
39625 X2 10 0 1 0 0 0 -1 0  
28015 X3 10 0 0 1 0 0 0 -1  
 Zj 797540 12114 39625 28015 0 -12114 -39625 -28015  
 Cj-Zj 0 0 0 0 12114 39625 28015  
 
As presence of the +ve value in Index Row Cj – Zj, replace S1 by S3, hence the Sixth Simplex Tableau as 
  Cj 12114 39625 28015 0 0 0 0  
 BV SV X1 X2 X3 S1 S2 S3 S4 MR 
0 S3 70 0 0 0 1 1 1 1  
12114 X1 10 1 0 0 0 -1 0 0  
39625 X2 80 0 1 0 1 1 0 1  
28015 X3 10 0 0 1 0 0 0 -1  
 Zj 3571290 12114 39625 28015 39625 27511 0 11610  
 Cj-Zj 0 0 0 -39625 -27511 0 -11610  
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Decision:  Finally, there is the presence of –ve value in Index Row Cj – Zj of Seventh Simplex Tableau, which shows that the 
solution is optimum. Thus, the optimal solution by Two Phase Simplex Method is Max Z= 3571290 with X1=10, X2=80 
and X3=10  
The results by all the three LPP techniques applied manually i.e. Big M (Penalty), Dual and Two Phase methods were 
identical and presented in the Table 5.3. 
Table 5.3 Result of three crops selection by LPP Technique 
Particular  Result by Simplex method 
Big M Dual Two Phase 
Max. Profit = Rs. 3571290 Rs. 3571290 Rs. 3571290 
X1, Bajra crop area = 10 ha 10 ha 10 ha 
X2, Paddy crop area = 80 ha 80 ha 80 ha 
X3, Groundnut crop area = 10 ha 10 ha 10 ha 
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5.6.3.3 Comparison between ICT and LP model results 
It was found from Fig. 5.7 and Table 5.3 that by applying both the tool 
to the profit maximization problem of farmer ABC for selection of the crops C1 
(Bajra), C2 (Paddy) and C3 (Groundnut) crops in the Zaid season was 
identical i.e. profit was Rs. Rs. 3571290 with land allocation to each crop as 
10, 80 and 10 ha respectively which proved that the developed ICT is 
validated. 
5.7 Application of the ICT based Optimization Model  
Suppose a ABC farmer of Village XYZ wanted to select the crops to be 
grown under 100 ha area for the kharif season from the twelve crops as listed 
in Table 3.4 for the maximization of profit.  It was possible to select only five 
crops as Jowar (A1), Cow pea (A6),Cotton long staple (A9), Groundnut (A10) 
and  Paddy (A12); considering that all the factors affects the agriculture like 
soil, climate, rainfall, irrigation facility etc. were most favorable.  
5.7.1 Set of crop selection –I  
Suppose the farmer had selected all the five Jowar (A1), Cow pea 
(A6),Cotton long staple (A9), Groundnut (A10) and  Paddy (A12)  crops to be 
grown  under 100 ha area for the Kharif season and the necessary data were 
inputted  to the ICT then  it showed the result as shown in Fig. 5.8 
5.7.2 Set of crop selection –II  
Suppose the farmer had selected four crops as Jowar (A1), Cow pea 
(A6),Cotton long staple (A9) and Groundnut (A10) crops to be grown  under 
100 ha area for the Kharif season and the necessary data fed  to the ICT then  
it showed the result as shown in Fig. 5.9 
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Fig. 5.8 Set of crop selection – I 
 
Fig. 5.9 Set of crop selection – II 
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5.7.3 Set of crop selection –III  
Suppose the farmer had selected only three  crops as Jowar (A1), Cow 
pea (A6) and Cotton long staple (A9) crops to be grown  under 100 ha area 
for the Kharif season and the necessary data applied to the ICT then it 
showed the result as shown in Fig. 5.10 
 
 
Fig. 5.10 Set of crop selection –III 
5.7.4 Comparison between sets of crop selection 
 It was found from Fig. 5.8 that the set of crop selection- I showed the 
area allocation to each crop and profit as shown in Table 5.4 while Fig. 5.9 
showed results of the area allocation to each crop and profit as shown in 
Table 5.5. It was found from Fig. 5.10 that the set of crop selection- III showed 
the area allocation to each crop and profit as shown in Table 5.6 
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Table 5.4 Result of set of crop selection – I by ICT 
Max. Profit = Rs. 2030160 
Jowar crop area = 10 ha 
Cow pea crop area = 10 ha 
Cotton (LS) crop area = 60 ha 
Groundnut crop area  = 10 ha 
Paddy = 10 ha 
Table 5.5 Result of set of crop selection – II by ICT 
Max. Profit = Rs. 2104820 
Jowar crop area = 10 ha 
Cow pea crop area = 10 ha 
Cotton (LS) crop area = 70 ha 
Groundnut crop area  = 10 ha 
  Table 5.6 Result of set of crop selection – III by ICT 
Max. Profit = Rs. 2163170 
Jowar crop area = 10 ha 
Cow pea crop area = 10 ha 
Cotton (LS) crop area = 80 ha 
 Thus, it was revealed that if the farmer had selected only the three 
crops as in Table 5.6 than he would be able to achieve maximum profit of    
Rs. 2163170 rather than four (Rs. 2104820) or five crops (Rs. 2030160) for 
that season and available land. It was also found that five crops selection 
showed the minimum profit compared to other crops selection.  
Summary and Conclusions 
 
 
Some Contribution of Operations Research in Profitable Farm Management  125 
 
CHAPTER – VI 
SUMMARY AND CONCLUSIONS 
Agricultural development is a complex process of interaction between 
the physical input - output relations of the agricultural system and the social 
and economic milieu of the national economy in a dynamic equilibrium. Land 
use planning and irrigation are strategic planning exercise to assess the future 
potential of the agricultural sector and achieve accelerated growth through 
judicious management of land and water resources. 
India today is facing a critical situation in relation to land - use planning. 
Even though the food grain production recorded almost a fourfold increase in 
the post-independence decades, shortage of rice, pulses and oilseeds is 
growing. Shortages of pasturelands, firewood and fast depletion of the forest 
wealth are assuming serious proportions. As a consequence of various 
development endeavors ecological imbalances e.g. soil erosion, rapid 
situation of dams, shortage of ground water, land and water pollution, water 
logging etc. are growing adversely affecting the agricultural productivity. 
Unless special efforts are made towards preservation of the land, water and 
vegetative resources of the country and its long term sustainable use is 
planned, the food grains and other basic needs of the country's population 
cannot be met, food security and self-reliance cannot be assured and 
enhanced livelihood security to the oiling millions in India cannot be ensured. 
The efficient use of land, water and other natural resources are major 
thrust areas to be established for accelerated as well as sustainable economic 
development of agriculture. For this, the farm management is the important 
parameter in order to optimize the agricultural activities. Farm management is 
a decision-making science. It helps to decide about the basic course of action 
of the farming business. In the context of the recent technological 
breakthrough, management today should be viewed as a process within a 
rapidly moving frame of reference. "It is now more scientific, less artistic; more 
dynamic, less static; more versatile and less rigid". 
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The complexity of farming system and the uncertainty associated with 
the decision making process are features which indicate that system 
approach to research could be particularly useful. There seems to be growing 
recognition of the need for approach of Operations research to the farm 
management. Linear programming can be viewed as a scientific approach 
that has evolved as an aid to a decision maker in business, industrial, 
agricultural, hospital, government and military organizations. 
Looking to the present scenario of Indian agriculture, Farm 
management involves large number of parameters viz. water resources, cost 
of cultivation, climatic conditions, suitability of soil for different crops, food 
requirement and food habits, marketing facilities and fluctuation of market 
price. It is difficult to arrive at a decision without the help of any programming 
approach. Therefore, it was of prime need to conduct the present research 
work with the specific objectives as to develop a mathematical model for 
cropping pattern for achieving maximum benefit and to evaluate a suitable 
cropping pattern for optimum utilization of available resources. 
The Gujarat state was select as the project area for the present 
research. The state occupies total geographical area of 188.00 lakh ha out of 
which approximately 99.00 lakh ha. area is under cultivation. The cultivated 
land is categorized as marginal (less than 1 ha), small (1 to 2 ha), semi 
medium (2 to 4 ha), medium (4 to 10 ha) and large (more than 10 ha) 
holdings. The principal crops cultivated by the farmers of the state in each 
season were considered and selected for the present study. The primary data 
were collected as a set of structured questionnaire prepared in vernacular 
language filled by the selected farmers of the villages. The data collected 
were statistically analyzed and thereby calculated the cost of cultivation and 
profit from each crop under the study. 
The problem of profitable farm management i.e. maximization of profit 
within constraints of area with the objective was to maximize the net profit. To 
solve the problem, the LP model was developed based on the particular 
assumptions like the farmer must be selected minimum three crops and 
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maximum five crops for kharif and rabi season; can select maximum three 
crops and if irrigation is not adequate than he cannot select any crop for 
summer season.  
The LP model formulated was solved by the ICT based on Windows 
Microsoft Visual Basic programme.. For the validation of results of ICT, the LP 
model formulated was used to solve the same problem manually by various 
Simplex methods i.e. Big M (Penalty), Dual and Two Phase method.  The 
results of the LP model solution and the ICT were identical so it was proved 
that the ICT shows validated results.  
After primary selection of crops per season by user, the ICT developed 
will show the output data as area to be allocated to each crop and total profit 
per season as well as per year. If the user was not satisfied with the profit, 
they will again select other crops and the ICT will represent the total profit per 
season as well as per year. By this way, the user / farmer will predict that from 
which crops and under how much land; they were able to maximize the profit 
from agriculture.  
The present research effort leads to the following conclusions.  
1) It was found that about 37 percent i.e. one third of state’s farmers were 
holding land in the range to 4 to 10 ha. 
2) The Cotton (MS) and Cotton (LS) are long duration (7 to 8 month) 
kharif crops while Pigeon pea (5 to 6 month), Castor (6 to 8 month), 
Banana (24 month), Sugarcane and Tobacco (12 months) were also 
long duration rabi crops. 
3) Among all the kharif crops; Jowar, Maize, Green gram and Black gram 
were rain fed crops and not required irrigation. 
4) The kharif crops like Sesamum, Cluster bean and Bajra required very 
less supplement irrigation. 
5) Except the Cow pea crop, all the crops under study were needed to 
apply chemical fertilizer. 
6) The farmers could get the FHP which was less compared to the market 
price. 
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7) Among the twelve kharif crops, except Sesamum crop all the crops had 
income from by-product.  
8) Among twenty rabi crops and three summer crops, except Onion, 
Garlic, Potato, Cumin, Fennel, Banana, Tobacco and Chikory;  all the 
crops had also income from by-product. 
9) It was found that from twelve kharif crops, Cotton (Long staple) gave 
the maximum profit but as it is twelve month crop. 
10)  The paddy required highest irrigation but due to the availability of 
canal water at nominal rate, the irrigation cost was found very less as 
compared to other crops which were cultivated with lift water. 
11) Banana proved the maximum profit earning crop but it is biennial crop, 
while the Sugarcane (Ratoon) was the second highest profit and 
Tobacco (Culcutti) was the third highest profit giving crop but both the 
crops were annual crops. 
12) The ICT based optimization model was found very user friendly to 
solve the farmers problem by easily input the required information to 
the ICT. 
13)  The ICT had facility to change the base data This facility was found 
very useful to modify the database of ICT for applying any / recent year 
data of cost of cultivation, yield, main product price, by-product income, 
total income and thereby profit per ha for any or all the crops under 
study. 
14)  The ICT was validated with the LPP model solved by all the Simplex 
method manually i.e. Big M (Penalty), Dual and Two Phase; it was 
found that the results by ICT and all the simplex methods were same. 
15) It was found that in a case of crop selection, the three crops per 
season gave maximum profit than the four or five crops per season.  
16) It was also found that the maximum profit could be from either three, 
four or five crops selected per season depend on the crops selection.  
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Appendix - I 
Number and area of operational holdings  
As per Agricultural Census:1995-96 
(Area in Hectares) 
Sr. 
No. 
Size class in 
Hectares 
Individual 
Holdings 
Joint Holdings Institutional 
Holdings 
Total Holdings 
Number Area Number Area Number Area Number Area 
1 2 3 4 5 6 7 8 9 10 
1 Below 
0.5 263879 75430 193390 51789 3233 815 460502 128034 
0.50- 1.00 375030 286394 195796 145913 2469 1837 573295 434144 
Total Marginal 638909 361824 389186 197702 5702 2652 1033797 562178 
2 Small 
1.00-2.00 752774 1106724 301644 440176 3263 4701 1057681 1551601 
3 Semi Medium 
2.00-3.00 436758 1062700 176893 433123 1977 4813 615628 1500636 
3.00-4.00 241405 831738 107818 372648 1216 4204 350439 1208590 
Total Semi 
Medium 
678163 1894438 284711 805771 3193 9017 966067 2709226 
4 Medium 
4.00-5.00 164057 730683 70125 312778 932 4149 235114 1047610 
5.00-7.50 197331 1192978 85033 514663 1266 7762 283630 1715403 
7.50- 10.00 77859 664147 35308 301433 741 6399 113908 971979 
Total Medium 439247 2587808 190466 1128874 2939 18310 632652 3734992 
5 Large 
10.00-20.00 55733 712343 27261 352018 1276 17560 84270 1081921 
20.00 & above 2959 86016 2550 79533 1117 98790 6626 264339 
Total Large 58692 798359 29811 431551 2393 116350 90896 1346260 
Grand Total 2567785 6749153 1195818 3004074 17490 151030 3781093 9904257 
 
Source:-Directorate of Agriculture, Gujarat State, Gandhinagar. 
Statistical Abstract of Gujarat State - 2006 
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Appendix - II 
Average yield of important crops in India by states (Year: 2003-04)  
(*)In terms of thousand nut per hectare  Source:- Statistical Abstract- lndia-2004 Statistical Org., N.Delhi 
Sr.  State/U.T. Rice Wheat Bajra Maiz Jowar Gram S’cane Cotton Groundnut*  Castor 
1 Jammu & Kasmir 19.4 11.8 6 16.6 - - 140 - - -  
2 Himachal Prades 14.8 13.8 - 24.4 - 10 166.7 - 10 -  
3 Punjab 36.9 42.1 10 29.8 - 9 538.2 5.6 9.1 -  
4 Uttaranchal 19.4 18.8 - 14.8 - 10 597.7 - 6.7 -  
5 Haryana 27.5 39.7 16.1 25.3 2.6 8.1 580.1 4.5 7.1 -  
6 Rajasthan 16.5 27.9 11.4 18.6 7.1 6.3 533.4 3.5 15.7 14.1 
7 Uttar Pradesh 21.9 27.9 12.8 13.9 10 10.3 555.4 1.6 6.4 -  
8 Bihar 15.2 17.8 10.8 23.7 10 10.5 409.9 - 4 7.5 
9 Sikkim 14.4 14.2 - 15.6 - - - - - -  
10 ArunachalPrades 13 15 - 14.1 - - 217.1 - - -  
11 Nagaland 13.8 23.3 10.6 14.9 10.6 10 478.2 22.8 12.1 -  
12 Manipur 23.5 - - 23 - - - - - -  
13 Mizoram 19.1 - - 19.3 - - 25.7 7.4 - -  
14 Tripura 21.7 42.5 - 8.9 - - 431.8 2.4 8.8 -  
15 Meghalaya 18.3 16.7 - 15.3 - - 20 1.8 - -  
16 Assam 15.3 10.5 - 7.2 - 5.4 386.4 - - 4 
17 West Bengal 25 23.2 6.7 23.6 4.6 10.3 741.2 - 16.5- -  
18 Jharkhand 16.9 15.7 30 16 -  - 340 - - -  
19 Orissa 15.1 14.7 5.2 14.2 5.8 6.2 587.7 4.1 12.1 4.9 
20 Chhattisgarh 14.6 10.5 - 14 10 7.1 23.8 1.7 10.9 -  
21 Madhya Pradesh 10 17.9 14 20.6 13.3 9.3 420.9 1.9 11.6 3.6 
22 Gujarat 18.9 26.8 14.9 17.2 10.1 8.8 718.2 4.2 22.4 18.6 
23 Maharashtra 18.5 13.4 6.8 19.7 7.3 5.8 513 1.9 11.6 1.9 
24 Andhra Pradesh 30.1 5.8 10.7 34.4 11.5 10.8 721.1 3.8 6.6 4.5 
25 Karnataka 21.9 4.8 6.6 20.1 4.7 3.3 666.7 1.7 5.8 8.2 
26 Goa 32.3 - - - - - 480 - 17.3 -  
27 Kerala 21.4 - - - 5 - 842.6 2.7 7.4 -  
28 Tamilnadu 23.1 - 12.6 15.7 6.1 6.7 1063.9 2.9 15.5 3.3 
  Union Territory : 
1 Chandigarh - - - - - - - - - -  
2 Delhi 18.9 35.2 20 - 4.3 - - - - -  
3 Daman & Diu 21.7 - - - -  -  - - - - 
4 D.& N. Haveli 16.5 20 - - 8 5 - - - -  
5 Lakshadweep - - - - - - - - - -  
6 Pondicherry 26.1 - 15 - - - 864.2 8.9 19.1 -  
7 A. & N. Islands 29.2 - - - - - 96.7 - - - 
All India 20.8 27.1 11.5 20.4 7.6 8.1 589.9 3.1 13.6 10.9 
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Appendix - III 
Agro-climatic zones of Gujarat state 
Agro 
Climatic 
Zone 
Area under zone Rainfall 
(mm) 
Type of soil Major Crops 
grown  
I. 
South 
Gujarat 
(Heavy 
Rain 
Area) 
Area south of river Ambika 
 Whole of dangs district 
  Part of Valsad District 
(excluding  Navsari and 
Gandavi talukas) 
  Part of Surat District (Valod, 
Vyara, Uchchhal, Songadh 
and Mahuva 
1500 
and 
more 
Deep black 
with few 
patches of    
coastal 
alluvial, and 
medium   
black soils. 
Cotton, 
Jowar, 
Paddy, 
Vegetables, 
Horticultural 
Crops, 
Sugarcane 
and Millet 
II. 
South 
Gujarat 
Area between rivers Ambica and 
Narmada 
  Part of Valsad district (Navsari 
and     Gandavi talukas) 
 Part of Surat district (Kamrej, 
Nizar,  Palsana, Bardoli, 
Mangrol and Mandvi  talukas)  
 Part of Bharuch district    
(Ankleshwar,Valia,Junagadh,R
ajpipla, Dediapada and 
Sagabara talukas.) 
1000-
1500 
Deep black 
clayey soils 
Cotton, 
Jowar, 
Wheat 
Sugarcane, 
Horticultural 
Crops 
III. 
Middle 
Gujarat 
Area between rivers Narmada and 
Vishwamitri including 
Panchmahals district 
 Whole of Panchmahals 
districts, Whole of Vadodara 
district, Part of Bharuch district 
(Bharuch, Amod and   
Jambusar taluka 
  Borsad taluka of   Kheda 
district. 
800-
1000 
Deep black, 
medium 
black to 
loamy sand 
(Goradu) 
soils. 
Cotton, 
Bajra, 
Tobacco, 
Pulses, 
Wheat, 
Paddy, 
Maize, 
Jowar and 
Sugarcane 
IV. 
North 
Gujarat 
Area between rivers Vishwamitri 
and Sabarmati and part of 
Mehsana, Ahmedabad and 
Banaskantha districts 
 Whole of Sabarkantha district 
 Part of Ahmedabad 
district,(includes Dehgam, 
Dascroi & Sanand talukas) 
 Whole of Kheda district 
except Borsad and part of 
Khambhat and Matar talukas, 
Whole of Mehsana district 
(except Chanasama, Sami & 
Harij talukas  
 Part of Banaskantha district 
(Deesa, Dhanera, Palanpur, 
Danta & Vadgam taluka 
625-
875 
Sandy loam 
to sandy 
soils 
Tobacco, 
Wheat, 
Jowar, Minor 
Millet, 
Vegetables. 
Spices and 
condiments, 
Oil Seeds 
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Agro-climatic zones of Gujarat state….. 
Agro 
Climatic 
Zone 
Area under zone Rainf
all 
(mm) 
Type of 
soil 
Major 
Crops 
grown  
V. 
Bhal & 
Coastal 
Area 
Area around the gulf of Khambhat,  Bhal 
and  coastal region in Bharuch  and  Surat 
districts 
 Olpad talukas of Surat district 
 Hansot & Wagra talukas of Bharuch 
District 
 Dholka and Dhandhuka talukas of Ah
medabad district 
 Vallabhipur and Bhavnagar talukas of 
Bhavnagar district 
 Limbdi talukas of Suredranagar 
district 
625-
1000 
Medium 
black, 
poorly 
drained 
and 
saline 
Groundn
ut, 
Cotton, 
Bajra, 
Wheat, 
Pulse & 
Jowar 
VI. 
South 
Saurasht
ra 
 Whole of Junagadh district 
  Part of Bhavnagar district (Sihor, 
Ghogha, Savarkundla, Gariadhar, 
Palitana, Talaja, & Mahuva talukas) 
  Part of Amreli district (Dhari, Kodinar, 
Rajula, Jafrabad, Khambha, Amreli, 
Babra, Lilia, Lathi & Kunkavav 
talukas) 
  Part of Rajkot district (Jetpur, Dhoraji 
Upleta & Gondal talukas).  
625-
750 
Shallow 
medium 
black 
calcareo
us  soils 
Groundn
ut, 
 Cotton, 
 Pulses, 
 Wheat, 
Bajra, 
Jowar 
and 
Sugarca
ne 
VII. 
North 
Saurasht
ra 
 Whole of Jamnagar district 
 Part of Rajkot district (Padadhari   
Lodhika, Jasdan, Rajkot,Wankaner,  
Morvi, Jamkandorna & Kotda 
Sangani Talukas 
 Part of Surendranagar 
dist.(Wadhvan, Muli,Chotila and  
Salya talukas) 
  Part of Bhavnagar  district (Gadhada, 
Umrala, and Botad talukas). 
400-
700 
Shallow, 
medium 
black 
Groundn
ut, 
Cotton, 
Wheat, 
Bajra, 
Jowar 
and 
 Sugarca
ne 
VIII. 
North 
West 
Zone 
 Whole of Kutch district  
 Malia taluka of Rajkot district 
 Halvad, Dhrangadhra and Dasada 
talukas of Surendranagar district 
 Sami, Harij and Chanasma talukas of 
Mehsana district 
 Santalpur,Radhanpur Kankrej, 
Diyodar Vav and Tharad talukas 
Banaskanthadistrict 
 Viramgam and Daskroi city of 
Ahmedabad district. 
250-
500 
Sandy 
and 
saline 
soils 
Cotton, 
Jowar, 
Groundn
ut, Bajra 
and 
Wheat 
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Appendix - IV 
Information regarding principle crops of Gujarat 
A: Kharif  (Monsoon) crops 
1 Jowar (Sorghum) 
Jowar is an important cereal crop of the state. It is important as a food to the 
human being and fodder for cattle. It is cultivated almost in all the districts of the 
state.  
2 Maize 
It is mainly grown in north and central parts of the state. 
Sabarkantha,Panchmahal, Dahod, Vadodara, Kheda, Banaskantha and 
Narmada are the major maize growing districts of the state.  
3 Sesamum 
Sesamum is one of the important Oilseed crops. It is mainly grown in 
Surendranagr, Banaskantha, Bhavnagar, Kutch, Rajkot, Amreli, Jamnagar, 
Mehsana, Ahmedabad, Sabarkantha, Kheda, Patan, Bharuch and Junagadh 
districts of the state.  
4 Green gram 
Green gram is one of the most important kharif pulse crops in Gujarat. The 
Kutch, Banaskantha, Patan, Mehsana, Sabarkantha, Rajkot and Surendranagar 
are the main Green gram growing districts. 
5 Black gram 
Black gram is also an important kharif pulse crop of Gujarat. Dahod, Vadodara , 
Patan, Valsad, Panchmahal, Junagadh, Surat, Mahesana, Jamnagar, Amreli, 
Rajkot, Dangs, Banaskantha are the main black gram growing districts.  
6 Cowpea 
Cowpea is one of the most popular short duration pulse crops, commonly 
cultivated all over India.  
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7 Cluster bean 
Cluster bean has its importance for the cattle feed, gum manufactures and also 
for the vegetable purpose. This crop is grown mainly in North Gujarat and Kutch 
region.  
8 Cotton (Medium staple) 
9 Cotton (Long Staple) 
It is the long duration (7 to 8 month) crop commonly cultivated in all the districts 
of state except Dahod, dand, Navsari and Valsad. 
10 Groundnut 
Gujarat occupies an important place as supplier of groundnut, groundnut oil and 
cake to the rest of the country. It plays an important part in the agricultural and 
industrial economy of the state. Particularly in Saurashatra region, the crop has 
greater importance as it accounted for about 92 per cent of the total groundnut 
area of the state. 
11 Bajra 
It is mainly grown in the Banskantha, Anand, Kheda, Mehsana, Gandhinagar, 
Sabarkantha, Junagadh, Vadodara, Patan and Ahemdabad districts of the state. 
12 Paddy 
Paddy cultivation is mainly in the south and central Gujarat 
B: Rabi  (Winter) crops 
1 Wheat(Irrigated) 
It is commonly cultivated in all the districts of state. 
2 Wheat(Un irrigated) 
It is mainly cultivated in the Ahmedabd, Anand, Bharuch, Dahod, Panchmahal, 
Patan, Bhavnagar and Jamnagar districts of the state.  
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3 Jowar 
Jowar is useful as a food to the human being and fodder for the cattle, so 
farmers are growing jowar as an important rabi crop in the state.  
4 Pigeon pea 
Pigeonpea is of long duration of 5 to 6 month and is one of the most important 
pulse crops in Gujarat state. Vadodara, Bharuch, Panchmahal, Surat, 
Sabarkantha, Dahod, Narmada, Kheda, Dand, Banaskantha, Valsad, and 
Junagadh are the main pigeon pea growing districts 
5 Castor 
Castor is an important oilseed crop of Gujarat which is also long duration (6 to 8 
month) crop. It is mainly grown in North Gujarat and Saurashtra region of the 
state. Generally, castor is grown in Banaskantha, Kutch, Sabarkantha, 
Mehsana, Patan, Gandhinagar, Ahmedabad, Vadodara, Surendranagr, Kheda, 
Jamanagar, Rajkot, and Junagadh districts of the state. 
6 Onion 
Onion is one of the important commercial crop of India and like potato, it can be 
stored and consumed throughout the year. Bhavnagar, Rajkot, Junagadh, 
Jamnagar, Amreli, Porbandar and  Kutch are main onion growing districts of the 
state.  
7 Garlic 
It is an important spice condiment crop. It is cultivated through out India and 
used chiefly for flavouring the vegetables. Jamnagar, Junagadh, Rajkot and 
Amreli are the main garlic growing districts.  
8 Potato 
It is mainly grown in Banaskantha, Ganthinagar, Kheda, Anand, Sabarkantha, 
Mehsana and Jamnagar districts of the state.  
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9 Cumin 
Cumin is widely used as an important spice which is mainly grown in the districts 
of Rajkot, Banaskantha, patan, Surendranagar, Ahmedabad, Jamnagar, 
Junagadh, Amreli, Mehsana, Porbandar, Kutch, Sabarkantha and Bhavnagar. 
10 Isabgul 
It is the important crop having its utility in medicines and for earning foreign 
exchange. The cultivation of this crop is mainly practiced in North Gujarat, Kutch 
and Saurashtra.  
11 Fennel 
Fennel is an important crop having its utility in commercially to scent, soaps and 
perfumes to flavor carminative type medicine, non – alcoholic beverages, baked 
goods, condiments, ice creams etc. The cultivation of this crop is mainly 
practiced in North Gujarat. 
12 Banana 
In is an important biennial (24 month duration) fruit crops of the state. The main 
banana growing districts are Bharuch, Anand, Vadodara, Surat, Navsari, Kheda, 
Amreli and Kutch.  
13 Sugarcane(Planted) 
14 Sugarcane(Ratoon) 
15 Sugarcane(Pooled) 
It is one of the most important cash long duration (12 month) crop of the state. 
The main sugarcane growing districts of the state are Surat, Navsari, Bharuch, 
Valsad, Junagadh, Narmada and Vadodara. As cost of seed was not incurred in 
case of ratoon crop, so the total cost of cultivation is higher in planted crop as 
compared to ratoon crop. The yield of main product in planted crop was higher 
than ratoon crop, whereas the total cost of production per quintal in case of 
planted crop was higher as compared to ratoon crop.  
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16 Tobacco(Bidi) 
17 Tobacco(Calcutti) 
It is also an important cash long duration (12 month) crop. The tobacco is grown 
for its leaves which are used as a cured product. It is smoked as pipe cigar, 
cigarette or hookah used as snuff or chewed as quid in many forms. In the state, 
Kheda, Anand, Vadodara, Ahmedabad and Panchmahal are the main tobacco 
producing districts.  
18 Chikory 
It is grown for its roots production. The processed root powdered is known as 
“roasted chicory” or “chicory powder”. At present, it is used as a blending agent 
with coffee. In medicine, it is used as a tonic against fever, enlargement of the 
spleen and vomiting, diarrhea etc. In Gujarat, it is generally grown in the Anand, 
Kheda, Jamnagar and Mehsana districts 
19 Gram 
It is commonly cultivated in all the districts of state. 
20 Mustard 
It is commonly cultivated in all the districts of state except Dang, Narmada, Tapi 
and Valsad districts.  
C: Zaid (Summer) crops  
1 Bajra 
 It is mainly grown in the Banskantha, Anand, Kheda, Mehsana, 
Gandhinagar, Sabarkantha, Junagadh, Vadodara, Patan and Ahemdabad 
districts of the state.  
2 Paddy 
 Paddy cultivation has become common in summer season mainly in the 
south and central Gujarat. 
3 Groundnut 
It is grown where the facility of assured irrigation is available 
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Appendix - V 
Cluster selected for primary data collection 
Sr. Name of Cluster Taluka District Zone 
1 Govindpur Dhari Amreli Junagadh Agril. 
University 2 Keriyanagas Amereli 
3 Timbi Jafrabad 
4 Dungar Rajula 
5 Shakhpur Lathi 
6 Gadhkada Savarkundla 
7 Amrapur Kunkavav 
8 Chamardi Babra 
9 Valukad Palitana Bhavnagar 
10 Budhel Bhavnagar 
11 Patna Vallabhipur 
12 Mota Asarana Mahuva 
13 Sanosara Sinhor 
14 Ladhidad Botad 
15 Harshadpur Jamkhambhaliya Jamnagar 
16 Jasapar Kalavad 
17 Aliya Jamnagar 
18 Majevadi Junagadh Junagadh 
19 Sankhada Una 
20 Moniya Visavadar 
21 Juthal Mangrol 
22 Sardargadh Manavadar 
23 Gir gadhda Una 
24 Bagvadar Porbandar Porbandar 
25 Kharchiya Upleta Rajkot 
26 Tarvada Jamkandorana 
27 Moviya Gondal 
28 Virnagar Jasdan 
29 Panch pipla Jetpur 
30 Vadgam Dasada Surendranagar 
31 Mayunagar Halvad 
32 Bakarthali Wadhwan 
33 Sudamana Sayla 
34 Navagam Chotila 
35 Lilapur Lakhtar 
36 Sihunj Mahemadabad Kheda Anand Agril. 
University 37 Sanghana Matar 
38 Udel Khambhat Anand 
39 Tarapur Tarapur 
40 Salun Nadiad Kheda 
41 Vada talav Halol Panchmahal 
42 Ambava Thasra 
43 Madhvas Lunawada 
44 Saheej Dholka Ahmedabad 
45 Tagadi Dhandhuka 
(Conti…)
Appendix 
 
Some Contribution of Operations Research in Profitable Farm Management 142 
 
Cluster selected for….. 
Sr. Name of Cluster Taluka District Zone 
46 Jekot Dahod Dahod Anand Agril. 
University 47 Paniya Limkheda 
48 Ladhod Sankheda Vadodara 
49 Handod Karjan 
50 Dholar Dabhoi 
51 Segchokdi Shinor 
52 Dabhas Padra 
53 Faldhra Valsad Valsad Navsari Agril. 
University 54 Panas Kaprada 
55 Nahuli Umargam 
56 Jamalpada Ahawa Dang 
57 Lakhawadi Vasanda Navsari 
58 Dhamodi Songadh Surat 
59 Gadat Vyara 
60 Simondra Mangrol 
61 Pomlapada Dediyapada Narmada 
62 Bhadam Nandod 
63 Keshvan Wagra Bharuch 
64 Tralsa Bharuch 
65 Kabirgam Valiya 
66 Bhandu Visnagar Mehsana Sardar 
Krushinagar 
Agril. University 
67 Saij Kalol 
68 Chadasana Bahucharaji 
69 Thol Kadi 
70 Meetha Mehsana 
71 Falu Vijapur 
72 Kamliwada Patan Patan 
73 Dev Radhanpur 
74 Kunwara Siddhpur 
75 Lavana Chansma 
76 Tajpur Talod Sabarkantha 
77 Goral Idar 
78 Aminpur Prantij 
79 Berna Himatnagar 
80 Khorda Tharad Banaskantha 
81 Nandotara Vadgam 
82 Adesar Rapar Kutch 
83 Ambardi Bhachau 
84 Lihoda Dahegam Gandhinagar 
85 Limdiya Gandhinagar 
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Appendix - VI 
Questionnaire (Original in vernacular language of the state) 
Name of farmer: 
Village: Taluka: District: 
Name of crop: Variety of crop: Crop area (ha): 
Previous crop information:    
Name of crop: Variety of crop: Crop area (ha): 
Tillage operation: Fertilizer used : Plant protection: 
 
A) Expenses 
Sr. Expense head Labour (may days) Cost of labour (Rs.) Other expense* (Rs.) 
Human Bullock Human Bullock  
Family Hired Personal Hired Family Hired Personal Hired  
1 Tillage operation          
2 Manure          
3 Fertilizer          
4 Sowing          
5 Intercultivation          
6 Weeding          
7 Irrigation          
8 Plant protection          
9 Harvesting          
10 Threshing          
 Total          
*   Except labour, other expenses of hired / rental implements, tractor, farm machinery etc. 
 
B) Income 
Sr. Particular Qty. (qt) = (i) Price (qt / Kg)= (ii) Total income (Rs.)= (i)x(ii) 
1 Main production    
2 By-product    
   Total  
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